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DECLINE AND PRODUCTION OF THE RANGER FIELD 
E. A. STEPHENSON AND H. R. BENNETT 


The discovery of oil in Stephens and Eastland counties, Texas, in 
1917, was heralded as a great boon to the oil industry, in that it 
appeared to offer some prospect of postponing for several years the 
inevitable decrease in the total yearly production of petroleum in 
the United States. The possible productive area appeared to be 
great, the drilling depths not prohibitive, the grade of oil high, and 
the initial production of the first wells was such as to warrant the 
belief that a large amount of oil would ultimately be obtained from 
each well. 

In the case of the Ranger field—and the term is here used to include 
about eighty square miles close to Ranger and extending west and 
northwest to a point about seven miles north of Eastland—the 
history of the wells has been unique. Wells which had attractive 
initial productions have declined at an unusual rate, and many 
have been abandoned after producing only a few months, and most 
of them have become unproductive within less than a year. Operators 
who had invested most heavily in the field had great cause for alarm, 
because their original investment had been made with the expectation 
that Ranger would not be greatly different from other oil fields in 
the United States and elsewhere, and that after the flush production 
had passed, the wells would reach a settled condition with a much 
less rapid rate of decline, and would continue to produce commercial 
quantities of oil for many years. 

As soon as the study was begun it became apparent that practically 
only wells which flow could be considered, as almost no data are 
available on pumping wells: in Eastland county. The small 
amount of data which has been secured suggests no great recovery 
or lengthening of the life of the wells in the Ranger field proper by 
present methods of pumping. 


PRODUCTION DECLINE OF WELLS 


The decline of five representative Ranger wells is shown in Fig. 1. 


By E. A. Stephenson, South Pennsylvania Oil Co., Pittsburgh, Pa. 
H. R. Bennett., New Domain Co., Dallas, Texas. 
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Ficure 1. Typical decline curves for individual wells in the Ranger field. 
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The curves indicate a surprisingly rapid rate of decline, which is 
further indicated in the table, giving the percentage of oil produced 
during successive months by certain wells. The famous Perkins 
Well No. 1, which had an initial production of approximately 7,000 
bbl. per day, beginning about the first of June, fell off in sixty 
days to 2,300 bbl. per day and in ninety days to 550 bbl. per day. 

In five months from the date of its completion it was practically 
dead. The Emma Terrell No. 1, with an initial production of 
9,000 bbl. per day, dropped in five months to 630 bbl. per day, 
and in eight months was without appreciable production. These 
declines are by no means unusual, and do not represent exceptional 
wells, but the life of Ranger wells is so short that one which produces 
a year is considered long-lived. The Colony School Lot No. 1, 
Perkins No. 1, and the W. E. Rock No. 2 produced practically all 
of their total oil during the first three months, as follows: 


Average per cent per month for the three wells: 


Fourth month 
Later period 


These three wells fall into a group of those which are typical of 
closely drilled territory and wells whose flush production is soon 
cut down by the completion of offsets. 

The Emma Terrell No. 1 and the C. J. Keaghey JB-1 are good 
examples of wells producing for about six months, even though some 
offset wells were drilled relatively close. The production of these 
two wells averages as follows: 


Average per cent per month for the two wells: 


Fourth month 
Fifth month 
Sixth month 


Later period 


93.7 
6.2 
| 
77.1 
97.3 
2.6 
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PERCENTAGE OF TOTAL OIL PRODUCED BY RANGER WELLS 
DURING SUCCESSIVE MONTHS 


Name of Well 
T. W. Connellee No. 1........ 
B. A. Danley No. 1... 

S. V. Davis No.1 nea 
B. P Davenport No. 1.......... 
T. W. Duncan No. 1 

T. W. Duncan No. 2... 

C. J. Keaghey B1.. 

Merriman Church Lot No. 1. 
Eli Perkins No. 
W. E. Rock No. 2.... 

Ida Slayden No. 1.. 

Emma Terrell No. 1............. 


. 2Mo. 3 Mo. 4Mo. 5 Mo. 6 Mo. 7 Mo. 
20.0 7.0 
14.9 11.2 
13.3 10. 
14.5 13.3 
12 
11 11. 
14 10. 
17 ll. 
14 11. 
16 
12 
16. 
16. 


Ore 
uo 


CAAWOS:, 


be 
AkNANNOSON 


Name of Well 
Colony School 
T. W. Connellee No. 1........... 
B. A. Danley No. 1........... 
B. P. Davenport No. 1.......... 
T. W. Duncan No. 1 
T. W. Duncan No. 2.... 
C. J. Keaghey B1... 
Merriman Church Lo ot t No. 1. 
Eli Perkins No. 1 
W. E. Rock No. 2 
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The Ida Slayden No. 1, T. W. Connellee No. 1, Merriman Church 
Lot No. 1, B. A. Danley No. 1, and S. V. Davis No. 1 are good 
examples of wells which were the first ones drilled in their respective 
localities and were not soon affected by a great many offsets. Some 
of these wells had no offsets completed until they had been producing 
for about six months. The average production in terms of per- 
centage is as follows: 


Average per cent per month for five wells: 


Second month............. 
Third month......... 


Fourth month 
Fifth month 
Sixth month 


Seventh month..... 
Eighth month.... 
Ninth month........ 


DISCUSSION OF INDIVIDUAL PROPERTIES 


Lacking data for more individual wells' a series of appraisal curves, 
after Beal, has been prepared, showing the total production for the 
more important leases in the Ranger field, and estimates of the 
future production have been made in several instances. Serial 
numbers have been substituted for the names of the leases and the 
operating companies. 

Property I, Fig. 3, 75 Acres—The lease designated Property I has 
been one of the most profitable in the entire field, and is a striking 
example of a successful drilling program. The first well was com- 
pleted in November, 1918, as an 1,800-bbl. well, over a month 
before the first offset, and nearly every other well on the lease was 
completed in advance of its corresponding offset, the only exception 


1The difficulty of obtaining data concerning production of individual wells dur- 
ing successive months is well known, and is due to the fact that the oil is generally 
run by leases instead of by single wells after the completion of the second well. 
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Ficure 3. Total production of property I. 
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PROPERTY I (Fic. 3) 


Production, Total No. Av. Bbl. per 
Bbl. to Date Wells Well per Day 
39,000 
103,000 
166,300 
224,150 
276,140 
342,738 
410,688 
484,328 
506,728 
550,568 
591,068 
632,168 
671,168 
671,168 
693,088 
711,088 
727,776 
742,176 
753,261 
761,211 
768,891 
773,091 
777,591 
785,091 
791,171 


Estimated future production about 25,000 bbl. 


Month 


WW DONNA WWW 


being an offset at the northwest corner, which was completed about 
a month before No. 3 of Property I. Further, the initial production 
of each well, with the exception of the one just noted, was greater 
than that of its offset. At that the tract has been over-drilled, 
and it is certain that three wells in the center of the tract will not 
pay, and should not have been drilled. The total yield per acre 
has been about 12,000 bbl. and the tract east of Property I has 
yielded only 1,700 bbl. per acre, and the tract on the west but 
2,100 bbl. per acre. 

Property II, Fig. 4, 75 Acres—The curve for Property II must be 
drawn in two segments, one for Wells Nos. 1 and 2, and the other, 
or upper curve, for Wells Nos.3 to 8. Wells Nos. 1 and 2 are at 
the south side of the tract, and both came in at about 1,200 bbl. 
as though they would be good wells, but fell off rapidly because they 
had been preceded by an offset on the west side, which had been 
completed two months earlier at 1,800 bbl. initial, and had already 
produced about 60,000 bbl. The combined yield of Nos. 1 and. 2, 
Property II, had reached 62,000 bbl. when No. 4 came in, but the 


Year 
1919 Jan. 

Jan. 

Feb. 
Feb. 

Mar. 
Mar. 
Apr. 

Apr. 

May 
May 
June 
June 
July 

July 
July 
Aug. 
Aug. 
Sept. 
Sept. 
Oct. 

Oct. 

Nov. 
Nov. 
Dec. 
Dec. 
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continuation of the lower curve shows that these had already 
produced nearly all of their total oil, with only 6,000 bbl. estimated 
future production, or a total of 34,000 bbl. per well. 

Wells Nos.3 and 4, atthe north end of the tract,had been preceded 
by 4,000- and 5,000-bbl. offset wells to the north, and their combined 
initial production was less than 325 bbl. per day. With a total 
production from the lease up to January 1, of 127,461 bbl., plus an 
estimated future production of 10,000 bbl., it is impossible that the 
lease could be profitable. The property might have been profitable 
if it had been abandoned the last of April without drilling additional 
wells. The yield per acre was 1,700 bbl. 

PROPERTY II (Fic. 4) 


Production, Total No. Ave. Bbl. per 
Month Bbl. to Date Wells Well per Day 
Dec. 10,500 10,500 1 1,500 
Jan. 30,600 41,100 
Feb. 11,980 52,080 
Mar. 7,890 59,970 
Apr. 62,746 
May 435 72,141 
June ,095 88,236 
July 99,756 
Aug. 3 110,152 
Sept. 114,818 
Oct. 118,261 
Nov. 124,666 
Dec. 127,461 

Estimated future production about 10,000 bbl. 


Property III, Fig. 5, 220 Acres—On the Property III lease, No. 1 
well produced nearly 400,000 bbl. before the No. 2 was completed, 
and about 200,000 bbl. before any offset came in. The 400,000 bbl. 
was produced during a period of five months, but by the end of that 
time the rate of decline for the entire lease was established, and, 
taking the later wells as a group, they have not paid, though there is 
a possibility that certain ones have been profitable.. The figures 
for production, converted into dollars, may be stated roughly as 
follows: 


AA 


Barrels: 
Production well No. 1 
Royalty 


Costs of well 


19 
19 
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There are in all twelve other producers, ranging from 20 to 1,200 
bbl. initial production, and all combined giving an initial production 
of 3,600 bbl. One rig was skidded and drilled again, and there 
are three dry holes, making a total of seventeen wells, which pro- 


duced 60,000 bbl. The profit estimate follows: 


Barrels: 
Total oil from 17 wells.............. 
Royalty 


Net barrels 
Cost of 17 wells @ 


Loss on later 
Profit on first well 


Loss on later wells 


Net profit.......... 


Roughly stated, the operators lost $550,000 by drilling the later 
wells on the lease. The wells on the tracts adjoining this lease 
were completed at an average time of 234 months ahead of the 
Property III wells, and had a total initial production of 13,650 bbl., 
or 846 bbl. per well for sixteen wells, as compared with 2,980 bbl. 


PROPERTY III (Fic. 5) 


Production, Total No. Ave. Bbl. per 
Month bl. to Date Wells Well per Day 
60,335 6,033 
205,377 4,634 
290,609 2,841 
349,184 1,952 
379,867 1,023 
398,638 628 
420,532 331 
430,632 84 
437,554 38 
449,379 39 
456,628 24 
462,993 19 
467,648 13 
Estimated future production about]15,000,bbl. 


a. eevee 52,500 @ $2.50 per bbl....... $131,250 
548,750 
8243,250 
19 
19 
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initial production for the Property III wells, or an average of 248 bbl. 
per well for twelve wells. The advantage which first wells have is 
thus seen to be tremendously greater than is noted in any other 
field. It is doubtful if any method of pumping will ever obtain 
enough oil to pay back the losses on this lease,due to the tardy drilling 
program and the excessive number of wells. The yield per acre 
was 2,100 bbl. 

Property IV, Fig. 6, 146 Acres—The curve for Property IV indicates 
a normal rate of development and completion. On an average, the 
eleven wells were completed one month ahead of their offsets, but the 
largest two wells were three to six months ahead of their offsets, and 


PROPERTY IV (Fis. 6) 


Production, Total No. Ave. Bbl. per 
Month Bbl. to Date Wells Well per Day 
Apr. 6,675 6,675 1 5 
Apr. 75,000 81,675 
May 233,535 315,210 
June 183,081 498,291 
July 110,368 608,659 
Aug. 88,092 696,751 
Sept. 80,734 777,485 
Oct. 35,706 813,191 
Nov. 44,564 847,755 
Dec. 23,359 871,114 


DADA do 


the bulk of the oil from the tract, or about 700,000 bbl., was pro- 
duced by three large wells in the southwest corner of the lease. 
The one dry hole and the six smaller wells have been a financial loss, 
and more profit would have been made by drilling four or five 
properly spaced wells and then abandoning the property. The 
yield per acre was about 6,000 bbl. The future production is not 
readily estimated, owing to the complexity of the curve and the 
uncertainty as to its extension, but it is probably less than 75,000 
bbl. and more than 50,000 bbl. In such cases the daily runs make 
it possible to plot a more satisfactory and accurate curve for estimating 
future production. 

Property V, Fig.7, 160 Acres—Well No. 1, on Property V, made 
3,800 bbl. initial production, and has made a total production of 
421,000 bbl. Its three offsets had a combined initial production of 
only 510 bbl. The six other producers on the tract had a total 
initial production of 3,800 bbl., and with the estimates of future 


Year 
1919 
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production will probably yield 124,000 bbl., or an average of 20,660 
bbl. per well. The offsets to these six wells on Property V were 
completed at an average time of two and three-quarters months 
ahead of the Property V wells, and had a combined initial production 
of 9,500 bbl., or 5,700 bbl. better than the Property V wells. One 
dry hole was also drilled on this lease. ; 


PROPERTY V (Fic. 7) 


Production, Total No. Ave. Bbl. per 
Month Bbl. to Date Wells Well per Day 
July 40,512 40,512 1 
Aug. 74,326 114,838 
Sept. 63,529 178,367 
Oct. 49,544 227,911 
Nov. 53,046 280,957 
Dec. 36,062 317,019 
Jan. 48,281 365,300 
Feb. 17,284 382,584 
Mar. 46,202 482,786 
Apr. 37,806 466,786 
May 31,032 497,624 
June 23,157 510,781 
July 13,280 524,060 
Aug. 4,889 528,949 
Sept. 1,473 530,422 
Oct. No runs 
Nov. No runs 
Dec. 437 


Approximately estimated, the financial summary is as follows: 


Barrels: 
Production well No. 1 421,000 
Royalty 52,625 


Net barrels 
Costs of well 


Net profit on No. 1 well $788,688 


Production of six other wells and one dry hole as follows: 
Barrels: 
Total production 
Royalty 


Net barrels 
Cost of 7 wells 


Year 
1918 
1919 
368,375 @ $2.25 per bbl... $828,688 
108,500 @ $2.25 per bbl... $244,125 
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It is clear that some of the six later wells have made little profit 
and the property could also have been abandoned with but one well 
on it and left a handsome profit. It is also doubtful if improved 
methods of recovery will ultimately bring as much profit as would 
have been secured if an intelligent drilling program had been followed. 
The yield per acre was 3,400 bbl. 


PROPERTY VI (Fic. 8) 


Production, Total No. Ave. Bbl. per 
Month Bbl. to Date Wells Well per Day 


Jan. 3 73,800 
Jan. i 123,300 
Feb. ; 170,000 
Feb. 213,075 
Mar. , 253,075 
Mar. 39, 292,915 
Apr. ,025 324,940 
Apr. 5 353,500 
May 380,980 
May 402,580 
June J 424,180 
June 445,180 
July 467,680 
July 487,520 
Aug. 30,15 517,670 
Aug. 34, 552,362 
Sept. 570,612 
Sept. 595,062 
Oct. 38,35 633,414 
Oct. 28,: 661,914 
Nov. 30,3 692,204 
Nov. 716,024 


Dec. ‘ 
Dec. f 750,482 


Property VI, Fig. 8, 254 Acres—The first well on Property VI, 
in the northeast corner of the tract, was completed with an initial 
production of 5,000 bbl., and had produced 450,000 bbl. before any 
other wells on the lease came in and before any offset well was 
completed. The initial production of the eighteen other wells on the 
lease was 7,800 bbl., an average of 433 bbl. each. The initial pro- 
duction of the three offsets to No. 1 totaled, 3,300 bbl., or 1,100 bbl. 
each; the offsets to all the other Property VI wells made 12,000 bbl. 
total initial, but there are many wells not yet completed. The 
entire future production is about 150,000 bbl., which will make the 
total production for the entire lease about 900,000 bbl. Eleven wells 
are completed and ten more drilling, most of which should not be 


_ 
1919 4,920 
3,300 
3,120 
2,865 
2,700 
2,656 
2,135 
1,905 
1,832 
1,440 
1,440 
1,400 
750 
450 
502 
543 
304 
326 
399 
271 
289 
169 
113 
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continued.* A better method of spacing the wells, with a satisfactory 
arrangement in respect to offsets, would have made it possible for 
about ten wells to obtain all of the oil from the property. The yield 
per acre was 3,800 bbl. 


PROPERTY VII (Fic. 9) 


Production, Total No. Ave. Bbl. per 
Month Bbl. to Date Wells Well per Day 
94,500 94,500 1 
61,755 156,255 
83,430 239,685 
46,464 286.149 
34,680 320,829 
24,320 345,149 
8,325 353,474 
12,750 366,224 
17,175 383,399 
12,480 395,879 
3,945 399,824 
5,595 405,419 
7,560 412,979 
Estimated future production 13,000 bbl. 


Property VII, Fig. 9, 40 Acres—The Well No. 1, on Property VII, 
completed on June 6, 1919, as a 7,000-bbl. well, marked the further 
extension of the Ranger field. Before any offset wells had been 
brought in, this well produced 300,000 bbl. out of a total production 
of 375,000 bbl. The first offset was only 100 feet away, however, and 
after it came in the big well on Property VII declined rapidly, a 
decline which was augmented by many other close-in wells. Three 
other wells on Property VII will not pay, and a fourth operation 
has recently been abandoned before reaching the “black lime.” The 
best financial procedure would have been to abandon the property 
in September, 1919. 

After Well No. 1 had produced about 150,000 bbl., the tract, 
forty acres, was sold for a reported consideration of $1,000,000. 
As the production after the transfer cannot run over 275,000 bbl., 
equivalent to about $600,000, from which must be subtracted the 
cost of four additional wells, it is difficult to understand how the 
purchasers can overcome the certain loss of more than $500,000, 
unless they can sell out to a buyer as unfamiliar with the rate of 


2A 25-bbl. completion on this lease has been reported since the preparation of 
this paper. 
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decline at Ranger as they were at the time the transaction was made. 


The yield was about 10,000 bbl. 


PROPERTY VIII (Fic. 10) 


Production, Total No. Ave. Bbl. per 
Month Bbl. to Date Wells Well per Day 
Feb. 18,900 18,900 
Mar. 46,956 65,856 
Apr. 50,040 119,896 
May 52,600 172,498 
June 44,415 216,911 
July 29,636 246,547 
Aug. 11,980 257,527 
Sept. 9,150 266,677 
Oct. 4,996 271,673 
Nov. 6,345 278,018 
Dec. 2,915 280,933 

Estimated future production not over 8,000 bbl. 


Property VIII, Fig. 10,110 Acres—The curve for Property VIII 
is one of the most striking of the entire field. Well No. 1 had produced 
240,000 bbl. out of a total estimated production of about 300,000 
bbl., before any offset well had been completed, but in July the offset 
well on the south was completed as a 3,800-bbl. well and the No. 1 
Property VIII was ruined. The entire production on this lease 
since the completion of the 3,800-bbl. offset has been only 15,000 bbl. 
The yield per acre was 2,700 bbl. 

Property IX, Fig. 11, 140 Acres—The first well on Property IX 
had produced about 300,000 bbl. before any offset was completed 
near it. The recent completion of Well No. 3 at the southwest 
corner of the tract would suggest that these are the only wells which 
can profitably be drilled on the lease. It should be noted that the 


PROPERTY IX (Fic. 11) 


Production, Total No. Ave. Bbl. per 

Bbl. to Date 
25 
55 
13,040 
83,031 
52,758 
45,926 
41,254 
31,474 
19,005 
18,637 
30,306 


19 
Year Month 
1919 Feb. 
Mar. 
Apr. 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 
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curve for Well No. 1 is definitely established, and the total future 
production for the well can be readily estimated as about 25,000 bbl. 
The curve for Well No. 2 is plotted separately. A rough estimate of 
the future production of Well No. 2 may be made by comparing the 
curves of other similar properties. The yield per acre was about 


2,500 bbl. 
PROPERTY X (Fic. 12) 


Production, Total No. Ave. Bbl. per 
Month Bbl. to Date Wells Well per Day 
Feb. 737 737° 1 5 
Mar. 31,733 32,470 
Apr. 30,192 62,662 
May 23,036 85,698 
June 15,123 100,821 
July 7,898 108,719 
Aug. 3,948 112,667 
Sept. 1,073 113,730 
Oct. 310 114,040 
Nov. 630 114,670 

Estimated future production about 3,000 bbl. 


Property X, Fig. 12, 160 Acres—Property X is a good example 


of one which is practically exhausted, having produced 93 per cent 
of its total oil during the first six months of its life. After August, 
1919, the curve is nearly flat. The production per acre has been 


750 bbl. 
PROPERTY XI (Fic. 13) 


Production, Total No. Ave. Bbl. per 
Month Bbl. to Date Wells Well per Day 
Nov. 61,350 61,350 
Dec. 43,865 105,215 
Jan. 56,850 162,065 
Feb. 19,410 181,475 
Mar. 12,417 193,892 
Apr. 5,520 199,412 
May 3,148 202,560 
June 2,700 205,260 
July 5,639 210,899 
Aug. 3,652 214,551 
Sept. 4,530 219,081 
Oct. 1,828 220,909 
Nov. 1,395 222,304 
Dec. 1,230 223,534 9 


Property XI, Fig. 13, 317 Acres—The Property XI lease has 
produced a total of 223,000 bbl., and its estimated future production 
is less than 5,000 bbl. Half of this oil came from Well No. 1, and the 
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first three wells drilled are the only ones which have been profitable. 
Over 200,000 bbl. has been produced from the three wells. The 
six other wells have all been small producers, but too small to pay 
their drilling costs. If this property had been abandoned in March, 
1919, it could have shown a profit, but because of excessive drilling 
it has just about broken even. The yield per acre was about 620 bbl. 


PROPERTY XII (Fic. 14) 


Production, Total No. Ave. Bbl. par 
Month Bbl. to Date Wells Well per Day 
Jan. 19,280 19,280 
Feb. 12,550 31,830 
Mar. 10,055 41,885 
Apr. 95,640 137,525 
May 64,050 201,575 
June 91,065 292,640 
July 105,204 397,844 
Aug. 74,310 472,154 
Sept. 38,565 510,719 
Oct. 31,438 582,155 
Nov. 23,550 605,705 
Dec. 19,500 623,205 


~ 


NNN 


Property XII, Fig. 14, 200 Acres—The wells on Property XII 
have yielded 625,000 bbl., and should yield between 40,000 and 
50,000 bbl. more, making the total production approximately 
675,000 bbl. Seven wells have been completed on the lease, and 
there are eleven more locations or drilling wells, at least ten of which 
should never be drilled. The drilling program has been successful, 
and almost every well on the lease has preceded its offset by from 
three to eight months. The yield per acre was 3,500 bbl. 


PROPERTY XIII (Fic. 15) 


Production, Total No. Ave. Bbl. per 
Month Bbl. to Date Wells Well per Day 
8,535 

14,935 

30,985 

89,810 

202,610 

356,210 

467,750 

556,430 

641,810 

702,610 

752,875 

840,130 

888,130 
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PROPERTY XIII (Fic. 15) 


Production, Total No. Ave. Bbl. per 
Bbl. to Date Wells Well per Day 
86,582 974,712 5 
38,985 1,013,697 
37,296 1,050,993 
26,835 1,077,828 
20,955 1,098,783 
14,265 1,113,048 
20,400 1,133,448 
16,125 1,149,503 
15,370 1,164,873 
13,513 1,178,386 
11,625 1,196,011 
Estimated future production about 100,000 bbl. 


Property XIII, Fig. 15, 500 Acres—The curve for Property XIII 
is similar to the curves for Property I and Property XII, and indicates 
a vigorous and successful drilling program, though about twice as 
many wells have been drilled as was necessary, if the wells now 
under way are considered. It is doubtful if the wells still drilling can 
prevent the decline indicated by the curve. The estimates of future 
production suggests that not many more wells can be drilled profit- 
ably. The yield per acre is 2,600 bbl. 


PROPERTY XIV. (Fic. 16) 


Production, Total No. Ave. Bbl. per 
Month Bbl. to Date Wells Well per Day 
June 10,844 10,844 361 
July 22,210 366 
Aug. 7 34,626 
Sept. 5 46,222 
Oct 55,742 
Nov. 64,954 
Dec. 75,934 
Jan. 3 84,324 
Feb. 5 89,950 
Mar. 94,554 
Apr. 122,077 
May 140,121 
June 150,065 
July : 158,303 
Aug. 5 164,025 
Sept., Oct., Nov., no runs. 


Dec. 2,562 166,587 


wn 


Property XIV, Fig. 16, 160 Acres—Property XIV was one of the 
first leases drilled in the field. The curve cannot be plotted readily 
as a continuous one, but if broken in two parts it represents the 
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production of the first and second wells, and also makes it possible 
to estimate the probable future production of each. The first well 
produced about 110,000 bbl. and the second, 55,000 bbl. The third 
well is dry, but is well placed, and should have been drilled. The 
property has paid, but no further drilling should be done. The 
yield per acre was about 1,060 bbl. 


PROPERTY XV _ (Fic. 17) 


Production, Total No. Ave. Bbl. per 
Month Bbl. to Date Wells Well per Day 
July 36,780 36,780 
Aug. 34,260 71,040 
Sept. 22,020 93,060 
Oct. 25,020 118,080 
Nov. 36,000 154,080 
Dec. 55,500 209,580 
Jan. 34,892 244,472 
Feb. 28,132 272,604 
Mar. 17,925 290,604 
Apr. 24,110 314,639 
May 22,167 336,806 
June 16,969 353,771 
July 12,325 366,096 
Aug. 11,527 377,623 
Sept. 6,240 383,863 
Oct. 5,818 389,681 
Nov. 7,920 397,601 
Dec. 6,562 ' 404,163 

Estimated future production about 25,000 bbl. 


Property XV, Fig. 17, 120 Acres—Well No. 1 on Property XV 
was the first well completed in this general locality, preceding all 
others by about three months, and producing over 100,000 bbl., or 
about one-fourth the production from the entire lease, before the 
offset wells were completed. The second well in the locality, the 
offset on the west, had an initial production of 1,800 bbl. The two 
wells have produced practically all of the oil in the vicinity. The 
second well on Property XV, at the extreme north edge of the tract, 
was well placed, and came in at about the same time as its offset. 
Both No. 2 and its offset proved to be good wells, but it is doubtful 
if any of the other wells near them have paid. Wells Nos. 1 and 2 
produced the bulk of oil for the lease, and it is questionable if any of 
the other eight wells on Property XV have been profitable. The 
drilling of wells in the northwest part of the farm was especially 
unprofitable, as an 1,800-bbl. well just over the line on the adjoining 
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lease had been completed at an earlier date. The yield per acre was 


3,500 bbl. 
PROPERTY XVI (Fic. 18) 


Production, Total No. Ave. Bbl. per 
Year Month Bbl. to Date Wells Well per Day 
1918 Aug. 4,476 4,476 1 
4,587 9,063 
3,516 12,579 
4,382 16,971 
1,917 18,888 
12,483 31,371 
65,504 96,875 
60,876 157,751 
35,827 183,578 
26,249 209,828 
24,392 244,220 
22,841 257,061 
15,076 282,137 
15,057 297,194 
6,762 303,956 
17,590 321,546 
Dec. 14,055 335,611 
Estimated future production about 50,000 bbl. 


Property XVI, Fig. 18, 220 Acres—The curve for Property XVI 
resembles closely that of Property XV, and in both cases the drilling 
program has been tardy. If the same number of wells had been 
completed at more nearly the same time, that is, had there been 
conducted a speedier drilling campaign, more oil would have been 


PROPERTY XVII (Fic. 19) 


Production, Total No. Ave. Bbl. per 
Month Bbl. to Date Wells Well per Day 
Mar. 11,424 11,424 
Apr. 26,989 38,413 
May 26,586 
26,316 
26,516 
23,550 
16,416 
13,592 
10,576 
28,384 
40,698 
16,808 
12,006 
9,748 289,569 
5,790 295,359 
4,282 299,641 
3,504 303,145 
1,082 304,221 
No runs 


672 304,899 


Year 
1918 
1919 
Oct. 4 


242 E. A. Stephenson and H. R. Bennett 


produced. Most of the oil was produced by wells No. 2 and No. 5, 
though two of the other wells have probably paid. The yield per 
acre was 1,740 bbl. 

Property XVII, Fig. 19, 80 Acres—Property XVII has three 
producers and one dry hole, and a total production of about 310,000 
bbl., two-thirds of which came from the first well before any offsets 
had been completed. The first and second wells together have 
produced almost all of the oil from this general locality, or a tract 
of about 200 acres. The yield per acre was 3,600 bbl. 

Property XVIII, Fig. 20, 450 Acres—The curve for this property 
tells a complete story, for the lease has shown no runs since October, 
1919. The important wells were all in the northwest part of a 450- 
acre tract. Wells in other parts of the lease have been so small as 


PROPERTY XVIII (Fic. 20) 


Production, Total No. Ave. Bbl. per 
Month Bbl. to Date Wells Well per Day 
July 77,676 
Aug. 126,670 
Sept. 160,862 
Oct. 118,060 
Nov. 131,097 
Dec. 158,956 
Jan. 127,597 
Feb. 78,689 
Mar. 77,714 
Apr. 44,406 
May 19,209 
June 10,462 
July 6,700 
Aug. 1,202 
Sept. 2,730 
Oct. No runs 
Nov. No runs 
Dec. No runs 

Total wells drilled, 18. 


OOO SON UIP 


to suggest most of the oil from the entire lease has been obtained. 
There has been some over-drilling due to the necessity of offsetting. 
The curve resembles those of Properties V, XII and XIII. The 
yield per acre was 2,640 bbl. 

Property XIX, Fig. 21, 750 Acres—The curve for Property XIX 
is almost a one-well curve, as one well had produced over a million 
barrels, out of a total production for the lease, up to January 1, 1920, 
of 1,350,000 bbl. About 200 acres of the lease may be considered 
as nearly virgin territory, so that the estimate of future production, 
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PROPERTY XIX (Fic. 21) 


Production, Total No. Ave. Bbl. per 
Month Bbl. to Date Wells Well per Day 
Feb. 51,048 51,048 
Mar. 75,020 126,068 
Mar. 99,144 225,212 
Apr. 97,500 322,712 
Apr. 94,500 417,212 
May 78,150 495,362 
May 83,200 578,562 
June 78,000 656,562 
June 71,700 727,262 
July 64,770 792,032 
July 61,216 853,248 
Aug. 56,775 910,023 
Aug. 34,016 944,039 
Sept. 45,930 989,969 
Sept. 40,380 1,030,349 
Oct. 73,408 1,103,757 
Nov. 75,569 1,179,326 
Dec. 128,033 1,337,359 


900,000 bbl., is tentative. From the drilling program, which is now 
under way, there are twenty-two wells drilling, and the character 
of operations on adjoining leases indicates that the tract is to be 
over-drilled. The yield per acre up to date has been about 3,000 bbl. 


PROPERTY XX _ (Fic. 22) 


Production, Total No. Ave. Bbl. per 
Month Bbl. to Date Wells Well per Day 
Apr. 6,750 6,750 
May 12,540 19,290 
May 17,280 36,570 
June 16,500 53,070 
June 19,515 72,585 
July 17,250 
July 6,976 
Aug. 4,770 
Aug. 3,120 
Sept. 4,920 
Sept. No runs 
Oct. 110,101 
Oct. 110,293 


Property XX, Fig. 22, School Lot—Property XX furnishes a good 
example of the amount of oil which can be obtained from a small 
tract by a first well. The single well on this tract was completed 
nearly two months before any offset, and four to five months before 
more than one offset well had been drilled. The total production 


from the well was 110,000 bbl. 
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Table I, based on the actual runs, plus the estimates of future 
production, shows the relation between the amount of oil produced 
by a No. 1 well during its first month and the total amount of oil 
produced by the same well. 


TABLE I. 


Production Total Oil 

First From Well, 

Month Barrels 
Property III 415,000 
Property V............... 400,000 
Property V ; 3, 530,000 
Property V 56, 375,000 
Property X 340,000 
Property X : 110,000 
Property XVII 210,000 
Property XX. 110,000 


The foregoing figures of Table I point to the conclusion that a 
Ranger well produces about 33 per cent of its total oil during the 
first month of its life, a conclusion which receives additional warrant 
from the fact that these are representative wells. 


RELATION OF PRODUCTION OF FIRST WELL TO TOTAL OIL FROM THE LEASE 
The curves and production figures given show clearly that the 


TABLE II. 
Per cent of total production obtained from first well: 


Total Oil Oil Produced Per Cent 
from lease No. by first well by first 
Barrels Acres Barrels Well 
Property 220 422,000 88 
Property V 78 
Property V 5 585, 65 
Property V 
Property 
Property 
Property 
Property 
Property XV 
Property XIX............... 2,225,000 
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greater part of the oil from most of the properties is produced by the 
first well completed. These data are tabulated in Table II, but it is 
recognized that the figures are not altogether comparable, owing 
to the great differences in the sizes of the tracts and the variations 
in the nature of the drilling programs. 

An average of the percentages given above must not be taken 
too literally, but it appears that first wells produce approximately 
75 per cent of the total oil from the leases. 


CONCLUSION 


1. The rate of decline of the Ranger wells is precipitous. Wells 
completed with initial productions of from two to ten thousand 
barrels per day fall off so rapidly that most of them cease to produce 
within less than a year. 

2. The amount of oil produced by a No. 1 well during the first 
thirty days after completion is, on the average, about 33 per cent 
of the total oil which such a well will ultimately produce. In the 


properties examined in this paper this amount varies from 11 per cent 
to 35 percent. The wells with the smaller percentages have commonly 
made large volumes of gas. 

3. In proved territory the first well on the lease produces an 
enormous portion of the total oil from the lease. The percentage 
is greatest for the very large wells, and ranges from 38 to 88. 

4. The initial production of offset wells is commonly much less 
than that of first wells, their rate of decline is more rapid, and their 
total production much smaller. This is seen especially in the case 
of the offsets to Property I, and similar offsets to Properties V, VI, 
and III, and is also shown by the relatively small per cent of oil 
produced on these and other leases by the wells which were later 
than No. 1. This makes it clear that in many cases it would have 
been more profitable for the operators not to have drilled offset wells, 
especially if such offsets were not started until after the first well 
was completed. 

5. Either the oil drains into the wells from a great distance or 
else the decline in gas pressure is so great that it quickly becomes too 
weak to force out the oil. As the producing stratum is commonly a 
very fine-grained rock, which is also exceedingly hard, the latter 
is probably the case, and, if so, the per cent of recovery is extremely 
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low and a large amount of oil is undoubtedly left in the ground. 
This would suggest that Ranger offers a great opportunity for the 
development of more efficient methods of recovery than are now in use. 

6. Leases in the Ranger field could have been drilled with far 
greater profit if the operating companies had recognized early in the 
development the necessity of drilling agreements to prevent close 
spacing of wells. Though this is a post-mortem statement as regards 
much of the field, such arrangements can still be made to control the 
drilling of undeveloped parts of the “black-lime” producing areas. 
If drilling agreements are made, the chances of profit on future 
operations will be greatly increased. 

7. Calculations of the yield per acre for the entire field depend 
upon the somewhat arbitrary decision as to how large an area should 
be included. For a group of thirty of the more important properties, 
with a combined area of 6,500 acres, the yield up to March 1, was 
about 2,200 bbl. per acre, with a probable future production of about 
200 bbl. per acre. If the entire field be taken as eighty square miles, 
the yield per acre is a little less than 500 bbl. for the same period, 
with a probable future production of about 250 bbl. per acre. 


RULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 


A SUMMARY OF THE CANADIAN FOOTHILLS BELT 


WEsLEy Purpy 


INTRODUCTION 


Within the last few years the search for crude oil has become world 
wide. It is not likely that new extensive areas yielding petroleum 
in commercial quantities will be discovered in the United States, 
except, perhaps, in the southwestern states, which are now being tested. 
Pools may be developed from lower horizons in some of the old 
fields, but the limit to our oil resources appears to be in sight. 
Attention must be turned, therefore, to possible future supply from 
foreign fields. 

Of the remainder of North America, much is already known of 
the vast quantities of oil in Mexico, but little information concerning 
the possibilities of Canada is available. The purpose of this paper 
is to give a concise description of the foothills belt of western Canada 
and its possibilities of oil production. 

The writer spent the summer of 1919 in the foothills belt of 
western Alberta, and during the summers of 1914 and 1915 did field 
work in Montana and Wyoming. 


THE FOOTHILLS BELT 


The foothills belt of western Alberta lies east of the Front Range 
of the Rocky Mountains, between the mountains and the plains. 
Parallel to the mountains the belt extends northwest from the 
International Boundary into British Columbia and south into 
Montana, a distance of about eighty miles beyond Sun river. 

For convenience the belt may be divided into three zones char- 
acterized by distinctive topography and geologic structure. (1) The 
Zone of Intense Folding and Faulting tis marked by sharp ridges 
disposed en echelon, parallel to the general axis of the mountain 
ranges on the west. The ridges are overthrust fault escarpments, 
the beds being in general inclined'to the west. The rocks are sharply 
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folded and faulted. (2) The Zone of Moderate Folding and 
Faulting, which includes the central portion of the foothills belt, 
uperficially resembles the first zone in topography, but the ridges 
are generally longer and are not so high or abrupt. One ridge follows 
in line with another rather than en echelon. In this zone the beds 
are not so closely folded and faulted. There are anticlines and 
synclines with dips to the east and west ranging from 0 to 90 degrees. 
(3) The Zone of Comparatively Undisturbed Strata borders the 
plains country into which it topographically merges. It is dis- 
tinguished by rolling hills and comparatively horizontal strata. 

The major streams of the foothills belt run transversely to the 
general strike of the ridges, cutting deep narrow gorges through the 
hills as they cross from west to east. In the area north of Calgary, 
rock exposures are only seen in cut banks of these streams on account 
of the heavy growth of timber on the hills. 


GENERAL GEOLOGY 


The sedimentary rocks of the foothills belt of western Alberta 
and eastern British Columbia range in age from Jurassic to Recent. 
Rocks older than the Jurassic are exposed in the Rocky Mountains 
to the west or in outliers. The formations of the foothills region 
in order from oldest to youngest, with their approximate thickness, 
is shown in the following table: 


Formations of the Foothills Region of Western Alberta: 


Thickness, feet 
Tertiary: 
Paskapoo sandstone...... 
Willow Creek sandstone...... 
Cretaceous: 
St. Mary’s or Edmonton sandstone jae 
Bearpaw shale....... 300-0 
Belly River sandstone... : ..... 1,000-1,500 
Benton formation.. : 1,000-1,300 
Upper Benton.shale........ 
Bighorn sandstone 
Wabiabi shale 


Dakota (or Blairmore) sandstone........ 


Kootenai sandstone and shale... 
Jurassic: 
Fernie shale 
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The Tertiary formations appear on the east side of the foothills 
belt and increase rapidly in thickness in the geosyncline to the east. 

The Cretaceous comprises most of the foothills region all along 
the front of the Rockies. The Edmonton sandstone, locally known as 
the St. Mary’s sandstone, and the Belly river sandstone, in the 
upper part of the series, are separated by the Bearpaw shale south 
of Calgary. The two sandstones are both partly fresh water and 
partly brackish water deposits, are only slightly fossiliferous, and are 
not readily distinguishable on any physical characters. Both con- 
tain the pelecypod Unio danae, but the Edmonton contains rather 
more fossils than the Belly river. In the vicinity of Calgary the 
Bearpaw shale disappears: and does not reappear to the north. 
The transition from the Belly river to the Edmonton is here marked 
by a series of alternating dark reddish brown or black greenish shales 
and gray sandstone beds, each a few feet in thickness. The shales 
contain concretions which are not fossiliferous. In some of the 
structures it is difficult to distinguish the Edmonton from the Belly 
river where the Bearpaw is missing. 

In the vicinity of Rocky Mountain House a sandstone member, 
the Bighorn, appears in the Benton shale. It extends northward, 
but is absent to the south. 

The Dakota sandstone resembles the Edmonton and Belly river, 
but weathers with a more vivid coloring. Its basal portion consists 
of a conglomerate bed a few feet thick, which is a widely traceable 
horizon marker north of Calgary. 


OIL DEVELOPMENT 


Of the fifty or more wells which have been drilled to the present 
time in the foothills region, hardly one-fifth have been located favor- 
ably or penetrated oil horizons. Half of the remaining wells failed 
through lack of knowledge of geologic conditions, poor locations 
or lack of capital. Some wells were drilled on structures which were 
too badly faulted to be favorable, and in some cases minor folds 
east of the main axis have been mistaken for the crest of the main 
structure. Several wells were started with diamond drills which 
could penetrate little more than 1,000 feet and were abandoned. 
Other wells were entirely speculative. 

Most of the wells were drilled at the time of the Calgary oil boom 
in 1914, when it was supposed that oil had been discovered in the 
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Dingman well southwest of Calgary. This well proved to be un- 
productive. Through the war period little has been done except 
where production has been obtained. With the return to normal 
conditions it may be anticipated that the foothills region may be 
thoroughly tested. 


There is little likelihood of discovering good production in the 
Zone of Intense Folding and Faulting on account of the extensive 
breaking of the formations and the compression. However, oil 
has been reported from this zone at a point near the International 
Boundary where the Cretaceous, which evidently contains the oil, 
has been overridden by the Carboniferous, thrust faulted from the 
west. 

The Zone of Moderate Folding and Faulting offers the most 
encouraging opportunities for oil development since here are found 
well defined structures which, at least in part, may not be too 
extensively broken by faulting to permit the accumulation of oil 
in commercial quantities. 


The Zone of Comparatively Undisturbed Strata offers less en- 


couraging prospects of commercial production than other parts 
of the foothills belt or than the structurally similar region in Wyoming 
and Montana on account of the narrow width of the belt in Alberta 
and the very gentle inclination of the strata. A short distance 
eastward toward the broad geosyncline, which lies east of the 
mountains, the Cretaceous is very deeply buried. 


Unfortunately, as in most of the foothills belt, the country in this 
zone is thickly forested. No drilling for oil is permitted within the 
Forest Reserves of Alberta, according to laws enacted before the 
existence of petroleum in this belt was known. Mining claims may 
at present be staked, and since there is no apparent reason for a 
restriction of drilling, it is probable that the statutes will be altered. 
Less of the Forest Reserves lie in this zone than in that to the east. 
The areas not covered by woods are in most cases easily accessible 
by roads from the Canadian Pacific railway, a distance of not more 
than forty miles. In the forested areas roads are few and very poor. 
They may become almost impassable in bad weather. Some parts 
of the foothills belt in Alberta lie as much as eighty miles from the 
railroad, and in British Columbia much farther. 


A Summary of the Canadian Foothills Belt 


COMPARISON OF ALBERTA AND BRITISH COLUMBIA 
WITH MONTANA AND WYOMING 


In some respects the foothills belt of western Alberta resembles 
the corresponding belt in Montana and Wyoming, but in others 
there are marked contrasts. 

Conditions common to both areas may be noted as follows: (1) 
The Colorado shale and the Kootenai formation, which yield oil 
and gas, underlie the greater part of both regions. (2) The belt of 
folded and faulted strata along the front of the Rocky Mountains 
is present in both regions. (3) In the area east of the disturbed 
belt in both regions great thicknesses of nearly horizontal strata 
without strongly marked structural features overlie the possible 
productive formations. 

In contrast with the portion of the foothills belt in Montana and 
Wyoming (1) that in Alberta is very narrow, not extending over more 
than two degrees of longitude. The corresponding belt of structure 
favorable for the accumulation of oil and gas south of the Inter- 
national Boundary extends approximately eight degrees east of the 
mountains. (2) East of the Rocky Mountains in Montana and 
Wyoming are igneous rocks in the form of laccoliths, which make a 
number of isolated mountain groups. In the vicinity of these 
intrusions the otherwise more or less horizontal beds have been 
upturned, and at least in Wyoming favorable structures for the 
accumulation of oil have been formed a considerable distance from 
the Rockies. No isolated mountain groups occur in western Alberta 
or the foothills belt of British Columbia east of the Rockies, and 
there is a marked absence of igneous intrusions. (3) In the main, 
structures may readily be determined in Montana and Wyoming. 
In Alberta, however, widespread deposits of surface gravels and 
glacial till obscure the bed rock and there is meagre opportunity for 
structural study. 


RELATION OF QUALITY OF OIL TO ORIGIN 


The oil which has been found in the Canadian foothills belt is a 
very high grade, light, paraffin base oil with a large percent of 
gasoline. This character appears to be associated with the disturbed 
condition of the foothills structure and points to the migration of the 
oil from its original source during which it has undergone a filtering 
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and clarifying process. As reported by S. E. Slipper, of the Can- 
adian Geological Survey, drilling on the Turner Valley anticline 
has not encountered water bearing beds: 


“If water is not present in Dakota-Kootenai rocks the ground water level, and 
consequently the oil accumulation, must be well down on the flank of the eastern 
limb, or even in the central portion of the large syncline, and it may be that the very 
light grade oil now being obtained is merely an accumulated condensation collected at 
the apex of the fold, or oil vapor from the gas given off by the oil body, or only the 
top of the main pool has been penetrated where the light petroleum products have 
separated out from the heavier constituents lower down.” 


So far as the writer is aware all the oil which has thus far been 
obtained comes from dry sands. It is then not improbable that the 
mother pool lies well down the syncline, having migrated there 
from lower horizons through faults, which in this field accompany 
most of the anticlines on the west dipping flanks. The actual 
production is in no case more than five barrels per well, and in most 
cases less. May not the oil which is obtained have been forced to 
the crests of the folds by the accompanying gas? 

On most of the anticlines it is not advisable to drill far down on 
the flanks, on account of the steep inclination of the beds and the 
great depth of the oil bearing sands. Tests could, however, bé made 
on the sides of anticlines with gently sloping limbs. 


BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 


THE RELATION OF THE: BURIED GRANITE IN KANSAS 
TO OIL PRODUCTION 


Raymonp C. Moore 


INTRODUCTION 


In June, 1914, oil was discovered in the Augusta gas field, central 
Butler county, Kansas. A number of wells were quickly drilled, 
and it was shortly demonstrated that here was one of the important 
oil fields of the state. The following year, 1915, guided by geologic 
evidence of favorable structure in the vicinity of E] Dorado, some 
fifteen miles to the northeast, the Empire Fuel and Gas Company 
drilled a well which found commercial production of oil in two 
different sands. This was the beginning of the El Dorado field, 
one of the most important in the Mid-continent region. Production 
culminated in 1917-18, with the very large wells in the Towanda 
district, some of which produced more than twenty-five thousand 
barrels per day. More recently, large deposits of oil have been found 
in the Peabody-Elbing fields north of El Dorado, and oil has been 
discovered near Florence, Marion county. Production in these 


fields in Butler and Marion counties has been much larger than in 
any other portion of Kansas. 
What are the reasons for the occurrence of these very large oil 


accumulations some distance west of the shallow fields of eastern 
Kansas? What are the possibilities of finding similar conditions in 
other parts of the state? Which are the most favorable areas for new 
tests? These are important questions to the seeker for new oil 
fields in this part of the Mid-continent region. 


THE BURIED GRANITE RIDGE 


Trending east of north from the El Dorado fields is a belt of 
geological structure similar to the anticlines of the El Dorado and 
Augusta district. Wells which have been drilled along the axis of 
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this structure have in many instances found considerable showings 
of oil and gas, but have encountered granite at unexpectedly shallow 
depths. The discovery of crystalline rocks in these wells was, of 
course, a disappointment which turned prospectors from the area. 
Recently the deeper drilling of wells in the El Dorado and Augusta 
districts and south of Bulter county have also shown the presence 
of granite beneath these oil fields. The general conditions beneath 
the surface in this part of Kansas, as determined by recent studies, 
are now fairly evident. 

The granite which has been encountered is an elongated ridge 
which trends in a nearly straight line from north of the Nebraska 
state line into Kay county, Oklahoma. This ridge reaches its highest 
elevation near the north boundary line of Kansas, in Nemaha county, 
where it is less than five hundred feet below the surface. As shown 
in Figure 1, which is a section along the line of the granite ridge, 
the surface of the granite descends gradually to the south to a 
point in northwestern Wabaunsee county where it declines sharply 
in a saddle, rising in Morris county and in Chase county in peaks 
of different elevations. Beneath the El Dorado and Augusta fields 


in Butler county there are uplifted portions of the granite, while 
between the productive areas the surface of the granite is depressed. 
Seuthward into Oklahoma the surface of the granite is gradually 
lower. The geographic position of the granite ridge, the elevations 
of its surface, and its relation to the sedimentary rocks which 
surround and bury it, are now fairly shown by the drilling which 
has been done. 


SEDIMENTARY ROCKS NEAR GRANITE RIDGE 


The sedimentary rocks which appear to be in contact with the 
granite ridge belong to the lower Paleozoic, the Mississippian, and 
the Pennsylvanian geologic divisions. The higher parts of the ridge 
project into the Pennsylvanian strata. Beneath the Pennsylvanian 
lies the Mississippian, in places resting on the flanks of the granite 
ridge, but not extending across the higher parts; in other places, 
extending through the saddles of the ridge. It has been demonstrated 
recently that the Mississippian is an important source of oil in the 
Mid-continent field. In a few places, lastly, it appears that rocks of 
older Paleozoic age occur in contact with the granite. These are 
on the lower slopes of the granite. 
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STRUCTURE 


The geologic divisions which are recognized at the surface in 
eastern Kansas have been traced carefully westward beneath the 
surface from a study of well logs, and the geologic formations which 
are encountered by the drill in Bulter county and northward along 
the granite ridge have been identified. In conjunction with the 
study of the surface formations in the vicinity of the granite ridge, 
the structure of the sedimentary rocks and its relation to the granite 
have been determined from well records. It appears that the 
stratified rocks conform more or less closely to the surface of the 
granite. They bend over the ridge in an elongate arch, and along 
the granite they bend up over the peaks and are depressed in the 
saddles. The structure of the sedimentary rocks, then, appears to 
be controlled almost wholly by the nature of the hard granite which 
underlies the surface, and instead of folding by lateral pressure, it 
appears that the structures are the result of vertical settling or 
condensation of the sediments from compression by weight of over- 
lying rocks. 

RELATION TO OIL PRODUCTION 


The large quantities of oil and gas in the Butler and Marion 
county areas which have been discovered to date, are found in sands, 
conglomerates, and porous parts of limestones, in the uplifted 
portions of the sedimentary rocks above or on the flanks of the 
granite. The oil in these fields comes from the lower parts of the 
Pennsylvanian and in part from the Mississippian. Where the 
granite surface is sufficiently low to permit the occurrence of the 
Mississippian and basal Pennsylvanian rocks above the granite, 
the oil is found above the crest of the ridge, as in El Dorado and 
Augusta. Farther north it appears that the oil is mainly on the 
flanks of the ridge, as at Peabody and Elbing which are on the west 
side of the granite. Here and farther to the north, due to the higher 
elevation of the granite, the oil-bearing beds do not appear to extend 
across the summit of the ridge. This accounts for the failure to 
find commercial quantities of oil in most of this area above the 
granite. 

FUTURE OIL PRODUCTION 


The determination of the geological relation of the oil-containing 
beds in Butler and Marion counties to the adjacent granite, which 
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has been indicated, makes clear that the most favorable area for 
the possible discovery of new fields is along either flank of the granite 
ridge where sands are likely to be present and where the strata are 
upturned sufficiently to produce an accumulation of oil. Favorable 
structural features in the belts or zones along the flanks of the 
buried granite offer the most likely places for the discovery of new 
and. possibly very important oil pools. For example, on the east 
side of the buried granite which rises to 850 feet below sea level in 
the east part of Chase county, is found a geological condition which is 
practically identical with that on the opposite or west side of the 
granite near Peabody and Elbing where important oil fields have 
been developed. Eastern Chase county and adjacent territory is 
therefore an area which merits very careful examination of surface 
structure and considerable testing with the drill. The small but 
high grade oil deposits which have been developed in the Teeter 
field, northwestern Greenwood county, are indication of the 
occurrence of commercial deposits of oil in the geological situation 
under discussion. Very good showings of oil have been obtained in 
wells which have been drilled at various points on the flanks of 
the granite ridge, although in most instances the wells do not appear 
to have been located with reference to surface structural features. 
Where sands or other porous rock can be found beneath the surface 
along the sides of the granite, and the prospects for this are best 
not far from the granite, it appears that good oil production may 
be obtained. It is to be pointed out that the nearer a well is located 
to the position of the buried granite, which is now known with fair 
definiteness, the greater the risk of encountering granite before 
reaching productive oil horizons. 


FAVORABLE AREAS FOR PROSPECTING 


In view of the conditions which determine the occurrence of oil 
in the El Dorado, Augusta and Peabody-Elbing districts, it is 


evident that the most favorable areas for prospecting are those in 
which the conditions are as nearly as possible identical with the 
known producing fields. Oil may be found above the granite ridge 
between the El Dorado- Augusta fields and the Kay county, 
Oklahoma fields; for here the granite is sufficiently deep below the 
surface to permit the occurrence of the lower Pennsylvanian and 


260 Raymond C. Moore 


Mississippian oil-bearing horizons above its summit. Wells in this 
zone should be drilled deep into or through the Mississippian, for 
very good production is now being obtained in Kay county from 
and even beneath the Mississippian.' A number of wells which have 
previously been drilled in this region have, without doubt, been too 
readily abandoned. 

Conditions which are practically identical with those in .the 
Peabody-Elbing district obtain at a number of points along the 
flanks of the granite ridge north of El Dorado. Without doubt there 
are local favorable structures and these should be tested with wells 
drilled deep into the Mississippian. Unquestionably some of the 
oil now produced in Butler county comes from porous, cherty portions 
of limestones, in some instances only a very short distance above the 
granite. The area which, as based on his recent studies, the writer 
believes offer most favorable opportunities lies on either side of the 
crest of the granite ridge, extending an unknown distance outward 
from the granite (probably not more than approximately twenty 
miles) and an unknown distance northward along the trend of the 
ridge toward Nebraska. The fact that fewer indications of oil have 
been found in the north is not necessarily proof that oil does not 
occur in favorable geologic relations in that area. 


CONCLUSIONS 


A buried granite ridge underlies central Kansas, trending west of 
north from Kay county, Oklahoma, into southeastern Nebraska. 
The granite is nearest the surface at the north, and deepest below 
the surface toward the south. 

The oil fields of El Dorado and Augusta overlie the summit of 
the depressed granite ridge in Butler county. The occurrence of 
the oil here is due to the arching of the oil-bearing strata above the 
granite. 

The Peabody-Elbing and Florence fields lie on the flanks of the 
granite on the west side of the ridge. The relations of the strata to 
the adjacent granite are the underlying cause of the fields. 

Prospective new fields may be found in areas where the geologic 
relations with respect to the granite are similar either (a) to those 


*The chief production in the El Dorado and Augusta fields, it is believed, comes 
from the porous upper part of the Mississippian. 
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of the El Dorado-Augusta fields, or (b) those of the Peabody-Elbing- 
Florence fields. 

Local surface geologic features in the areas which are most favorable 
should be.examined by a competent and reliable geologist before a 
test well is located. 

Test wells should be drilled well into or through the Mississippian, 
for important production may be obtained from this horizon. 
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SOME FACTORS OF CENTRAL AMERICAN GEOLOGY 
THAT MAY HAVE A BEARING ON THE 
ORIGIN OF PETROLEUM 


Donatp F. MacDona.p 
COASTAL SWAMPS OF PANAMA AND COSTA RICA 


A feature of Panama and Costa Rica geology is the swamps that 
border the coast over considerable areas. These swamps lie between 
a low barrier beach, which forms the present strand line and rela- 
tively higher lands a few hundred feet to a mile or more inland. 
(See Fig. 1.) 

ORIGIN OF THE COASTAL SWAMPS 


Three main conditions seem to have given rise to the coastal 
swamps. They are: (1) A ridge or mountain zone which forms 
the central axis of the Panama-Costa Rica land mass, and from 
which the land slopes steeply to the relatively flattish coastal areas; 
(2) A pronounced wet and dry season; (3) A gradual and prolonged 
sinking of the land mass. 

Borings made to locate a proper site for Gatun dam revealed a 
Pleistocene channel, once occupied by Chagres river. This channel 
is so deep that the land mass must have stood 350 to 400 feet higher 
than now, during early Pleistocene time. Corroborative evidence of 
submergence of the land is also found in the coastal charts, for these 
show shallow submergence of the outer zone of the flattish coastal 
areas. It may be mentioned here that the latest movement of the 
land mass has been a slight emergence, for very recent looking raised 
beaches are found six to eight feet above present beach levels. 

In the dry season the small streams disappear and the larger 
ones become mere brooks. During the wet season all the streams 
become flooded torrents and powerful eroding agents in the highland 
areas; and they come down to the lowlands overloaded, losing their 
coarser materials toward the head of their flood plains, and carrying 
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their finer sediments out into the edge of the ocean. Shore currents 
distribute this material along the shores and the ocean waves pile it 
up as a barrier beach. This barrier beach more or less obstructs the 
general drainage from the flat lands behind it,and so we find coastal 
swamps along many parts of the coast, and especially along the 
oceanward fringe of the flood-plains of rivers. 


SOME FEATURES OF THE COASTAL SWAMPS 


These coastal swamps give prolific growth to vegetation. In 


the wet season they are largely covered by flood waters, which 
deposit small amounts of very fine sediments which gradually buries 
the vegetable remains that had accumulated since the last rainy 
season. In this way the black muds of these swamps are very rich 
in plant remains. 

In passing over some of these coastal swamps the writer encountered 
small mud springs which gave off considerable hydrogen sulphide 
gas. It is believed that this gas is a product of the decaying swamp 
vegetation. 

When the water was first turned into Gatun lake it covered to 
a relatively shallow depth great quantities of vegetation. The 
decay of this vegetation abstracted oxygen from the water so that 
the fish could not live in it. For the greater part of the first year 
the waters of this new lake gave off strong odors of ammonia and of 
hydrogen sulphide, the latter to such an extent that the red lead 
paint on the lock gates was partly changed to the sulphide. If 
the decaying vegetation covered by this wide shallow lake gave off 
such considerable amounts of hydrogen sulphide (and ammonia), 
it would seem logical to assign the hydrogen sulphide eminations, 
noted in some of the coastal swamps, to decay of vegetable remains 
buried in the swamp muds that are reached occasionally by oxygen 
bearing surface waters. The first rains toward the close of a dry 
season would tend to carry oxygen into the upper zone of these 
swamp muds. 

A considerable amount of the sediment carried down by the rivers 
of Panama and Costa Rica was derived from the basic igneous rocks 
of the interior highlands. It is therefore very probable that some 
of the extremely fine sediment deposited in the coastal swamps, from 
river overflows during the wet season, is made up of very minute 
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fragments of ferro-magnesian minerals. The iron of these ferro- 
magnesian fragments would very probably be acted upon in part 
by the hydrogen sulphide in the swamp muds, resulting in the for- 
mation of pyrite. Evidence in favor of this hypothesis is as follows: 


MICROSCOPIC PYRITE IN THE CULEBRA CARBONACEOUS SHALES 


During the excavation of Culebra cut the shales that are rich in 
plant remains and marsh gas, and which locally hold some bituminous 
material, were also found to contain extremely finely pyrite in local 
areas. This pyrite was so fine that the individual crystals could 
scarcely be seen with the unaided eye. Its presence was determined 
by panning down ten or twelve pounds of the friable shale into a few 
ounces of concentrate." 


HEATING OF THE PYRITE BEARING SHALES 


This finely divided pyrite was first noted because when drilled 
into, even at depths of 30 to 70 feet, enough air got down the 3- to 
6-inch star drill hole to oxidize the pyrite and heat the hole, so that 
it was considered dangerous to charge for blasting. Some of the areas 
that were blasted heated up on exposure to the atmosphere so that 
they gave off steam and the odor of sulphur dioxide,and would 
readily char fragments of wood introduced into the heated mass. 
The largest of these heated areas took about three weeks to cool 
before it could be loaded on wooden cars. When these sh2les finally 
became cold, it was found that their carbonaceous content had been 
largely burned out and all their sulphides had been changed to 
sulphate. The carbonaceous shale horizon, which heated in this 
manner, is apparently the same horizon that carries good live oil 
seeps on both the Atlantic and Pacific coasts. It is also the horizon 
that was found to carry some local bitumen and considerable gas 
in Culebra cut. 


ULTIMATE RELATIONS OF SUBSIDENCE TO THE COASTAL SWAMP DEPOSITS 


The gradual sinking of the land caused the barrier beaches to 
migrate shoreward and gradually to bury the coastal swamps 


(Figure 2). 


1See pages 71-74, Bul. 86, U. S. Bureau of Mines: Some engineering problems 
of the Panama Canal, by Donald F. MacDonald. 
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This would eventually result in a bed of sandstone overlying dark 
very fine grained carbonaceous shale very rich in vegetable remains. 
The sandstone would have a normal dip oceanward and would 
feather out against the interior land mass. When this succession of 
sandstone and underlying carbonaceous muds are buried deep enough 
with overlying shales to undergo consolidation, any petroleum material 
that might result from the compression of these muds rich in organic 
remains would be mostly squeezed out of the consolidating carbon- 
aceous mud into the overlying sandstone, displacing some of the 
salt water (of deposition) that remained in the beach sands. 


OILY GASES NOTED IN SWAMP MUDS 


That there actually are oily gases contained in the muds of coastal 
swamps is supported by the following evidence: 

In the edge of a bay on the Atlantic Coast of Panama, about 50 
feet from the shore, small bubbles of gas were observed to rise up 
at intervals of 5 to 20 minutes, through 10 to 20 feet of salt water. 
These on bursting spread on the surface an iridescent oily film, a 
square inch to a square foot in area. When these films were disturbed 
with a stick they were drawn out, manifesting a stringiness just as a 
film of petroleum does. Inland from the shoreline at this point 
there is a slightly raised swamp. There are no trees near and the 
shore area contains much dead coral and coral sand. 

Similar phenomena were observed by the writer in southern 
Alabama not far from Pascagoula. By driving a pole into swamp 
mud beneath relatively shallow water, very large bubbles of marsh 
gas come up and burst at the surface, giving of course no iridescent 
film. However, at intervals of several minutes, and generally after 
the large ebullitions of marsh gas had died down somewhat, an 
occasional small bubble came up and gave an intense oily iridescence 
on the surface water, from a few square inches to some square feet 
in diameter. When disturbed with a stick this iridescence was ropy 
in character. This same phenomenon was observed in southern 
Alabama in three distinct places, several miles apart, one in a fresh 
water swamp, one in a brackish water river estuary a few feet out 
from the shore, and one in a salt water river estuary near the shore. 
It is therefore certain, then, that a gas given off in small quantity 
from marsh gas-bearing carbonaceous muds contained an oily 
substance. It is not perhaps really certain whether this oily sub- 
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stance would enter into the composition of petroleum if these muds 
were buried beneath succeeding strata and greatly compressed, 
but the evidence points very strongly in that direction. 


CONCLUSION 


If the coastal swamps of Tertiary-Cretaceous and other geologic 
ages were factors in the origin and accumulation of petroleum, then 
the trend of the old beaches and the normal off-shore dip of the beds 
formed by the landward migration of the strand line would be as 
important or more important than the trend of subsequent folding, 
in determining the extension of an oil field. 


BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 


PRELIMINARY NOTES ON THE 
GEOLOGY AND STRUCTURE OF THE AMARILLO REGION 


Cuas. N. Goutp 


INTRODUCTION 


The recent discovery of large quantities of natural gas and small 
showings of oil in the vicinity of Amarillo, Texas, has stimulated 
much interest in geological conditions in that region, and in the 
possibility of developing an oil field there. The object of this paper, 
which is preliminary in nature, is to set forth very briefly our 
present knowledge of the geological conditions in the Amarillo 
region. 

The gas-bearing structures in the Amarillo country were first 
discovered in the year 1905. At that time the writer was in the 
employ of the Topographic Branch of the United States Geological 
Survey, conducting a reconnaisance in the Panhandle of Texas, 
studying water supply conditions. He was assisted by two students 
in geology at the University of Oklahoma, Mr. Eck. F. Schramm, 
now professor of mineralogy at the University of Nebraska; and 
Mr. Tom. B. Matthews, now of Norman, Oklahoma. The party 
traveled over the northwestern part of the Panhandle in a covered 
wagon and horseback. The results of the summer’s work were pub- 
lished in Water Supply Paper No. 191, United States Geological 
Survey, in 1907. In this paper three of the domes now known to 
be present along Canadian river were first described. These domes 
are now designated at the John Ray Dome, the Tuck-Trigg Dome 
and the Bravo Dome. 

TOPOGRAPHY 


This part of the Panhandle of Texas consists of a vast plain, 
apparently level, but in fact sloping to the east at an average rate 
of approximately 10 to 12 feet to the mile. The Government bench 
mark at Amarillo shows an elevation of 3,663 feet above sea level. 
Into this vast plain two streams, Canadian river and the head 
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waters of Red river have cut channels. Red river here flows in 
Palodura canyon, which is the largest gash that nature has cut any- 
where in the region of the Great Plains. This canyon, which is 
fifty miles long, is from 600 to 900 feet deep, with an average width 
of two to five miles. The Canadian river valley is comparatively 
broad and shallow. The average depth is about 600 feet below the 
level of the Great Plains, and the distance from cap-rock to cap- 
rock, north and south of the river, varies from ten to thirty miles. 


GEOLOGY 


The rocks of the region belong to three geological ages, namely, 
in ascending order: the Permian, Triassic and Tertiary. 


PERMIAN 


The lowest formations exposed are the upper part of the Permian 
“Red Beds.” Of these “Red Beds” there are two definite formations, 
following the Oklahoma terminology, the Greer gypsums and the 
Quartermaster formation. Using Texas terms the rocks would be 
classed as the upper part of the Double Mountain formation. Greer 
gypsums are exposed in several places in the valley of Canadian river, 
but in every instance, so far as known to the writer, only where 
major folding has brought these rocks to the surface. The principal 
exposures are along the 6,666 Dome in southern Hutchinson and 
northern Carson counties, along the John Ray Dome in northeastern 
Potter county, and along the Bravo in western Oldham county. 
The Greer here consists of massive, white to transparent gypsum 
in ledges 2 to 10 feet in thickness. It is exposed, usually, in the low 
valley of the Canadian or along the edges of minor streams emptying 
into this river. 

Lying above the Greer gypsum is the Quartermaster formation, 
200 to 300 feet in thickness, consisting chiefly of red clay shales, and 
soft, red sandstone. It, however, contains two harder ledges, one 
of gypsum and one of dolomite. The gypsum which lies about 
100 feet above the base of the formation usually consists of one or 
more rather soft, sometimes inconspicuous, white or crystalline 
ledges. It has been named the Saddlehorse gypsum. It is exposed 
along the sides of the cliffs bordering Canadian river or its tributaries. 
Lying about 100 feet above the Saddlehorse gypsum and near the 
top of the Quartermaster formation is a persistent ledge of dolomite, 
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very hard and resistant to weathering, which forms a very prominent 
and conspicuous marker throughout the region. This ledge was 
named the Alibates dolomite, and has served as a horizon of reference 
upon which to run levels in determining the many domes in the 
Panhandle country. 

TRIASSIC 


Above the Permian rocks, the Triassic lies uncomformably. 
The Triassic, as exposed in the Panhandle of Texas, usually consists 
of two formation: the Tecovas and Trujillo. The Tecovas formation, 
which is exposed in both Palodura canyon and along Canadian river, 
consists of 100 to 220 feet of variously colored shales. In many 
places, especially in the lower part of the formation, these shales 
are bright yellow and it is the color of these shales that gave rise 
to the name of the creek (“Amarillo” being Spanish for “yellow’’), 
near the head of which is located the largest town in the region. 
The upper part of the Tecovas consists chiefly of maroon, magenta, 
lavender and white shales, sometimes in definite bands, and some- 
times mixed and intermingled in great confusion. 

The upper member of the Triassic, the Trujillo, is composed 
usually of two or three ledges of gray to brown cross-bedded sand- 
stone, frequently conglomeratic, interspersed with two or three 
beds of dark red shales. The Triassic is distinctly cross-bedded 
throughout, and it may usually be distinguished from the underlying 
Permian by the difference in color of the shales. Permian shales 
are almost universally a bright brick red. ‘Triassic shales are of 
many colors, including yellow, maroon, magenta, white and dark red, 
but rarely show the bright brick-red color of the Permian. So 
far as the writer is aware the Triassic is not exposed along Canadian 
river farther east than the mouth of Bonita creek, about twenty 
miles northeast of Amarillo. From this point it thickens to the west, 
and on the New Mexico line has attained a thickness of several 
hundred feet. 


TERTIARY 


Tertiary rocks lie unconformably upon the Triassic and Permian. 
The Tertiary consists chiefly of rather loosely consolidated clays, 
shales, sand and gravel apparently of stream origin. Many theories 
have been advanced to account for the presence of the Tertiary 
on the Great Plains, but the consensus of opinion seems to be that 
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these deposits had their origin in the Rocky Mountains, the material 
having been carried eastward across the Plains by streams of desert 
habit. One prominent feature of the Tertiary is the cap-rock, 
sometimes called caliche, which és usually an indurated, or hardened 
limey clay or in some cases a fair quality of limestone. This material 
is in most instances exposed along the edge of the High Plains and 
at points where the level of the Plains breaks off into the valleys. 
The thickness of the Tertiary varies up to as much as 500 feet. 
In the vicinity of Amarillo it is 150 to 200 feet thick. It is the great 
water-holder of the Plains and is sometimes referred to as the “sheet 
water formation.” Wells in the Tertiary almost invariably find 
large quantities of potable water, and the numerous spsings in the 
breaks of the various streams derive their source from this formation. 


STRUCTURE 


The structures in which gas has been found in the Amarillo 
country are located near Canadian river and along this stream, 
some ten or twelve domes have already been mapped in Texas. 
They are found all the way from Plemons, Hutchinson county, 


westward to the west line of the Panhandle and far into New Mexico. 
They are rather uniform in shape but vary considerably in size. 
They consist of large, oval more or less symmetrical domes, with an 
upfold or lift varying from 200 to 500 feet, and with a major axis 
of from six to twenty-five miles. In the case of five of the domes, 
where Permian rocks are at the surface, the Alibates dolomite was 
used as a horizon of reference upon which to run levels. In other 
cases, where the Permian is not exposed on the surface, one of the 
ledges of the Triassic sandstone was used. In two cases the major 
axis of the dome lies almost east and west; in one dome it is north 
and south; in two cases, northwest and southeast; while in other 
instances the axis is northeast and southwest. 


DEVELOPMENT 


Up to the present time the most extensive drilling has been done 
on the John Ray Dome, in northeastern Potter county and southern 
Moore county, twenty to thirty miles north and northeast of Amarillo. 
The John Ray Dome is a broad, symmetrical structure lying chiefly 
north of Canadian river. The northwestern part of the dome is 
covered by Tertiary rocks, and so far as determined only about two- 
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thirds of the structure has been uncovered. It is fifteen to twenty 
miles long and eight to ten miles wide, with a lift or upfold of 500 
feet. There have been six wells drilled on this structure. All of 
them have obtained considerable quantities of gas and each of them 
has a showing of oil. The first three wells drilled, Masterson No. 1, 
No. 2 and No. 3, were located within a mile of each other, near the 
apex of the dome. These wells made from 8 million to 20 million 
cubic feet of gas daily. Masterson No. 4 was drilled about one and 
one-half miles southeast of the others and perhaps eighty feet down 
the slope from the summit of the dome. This well, when shut in, 
showed 107 million cubic feet of gas daily. The log of Masterson 


No. 4 follows: 
LOG OF MASTERSON No. 4 


From Strata 
Red rock.. 3§ 6 
Gray shale....... 
Red rock........... 
Gyp..... 
Red rock... 
Gyp.... 


Water 
Red rock 


Red rock and gyp 
Gy 
Red rock... 


Gyp. 

Red i rock 

Gyp.... 

Red rock... 

Gyp... 

Red rock... 

Red rock 

Gyp 

Red rock... 

Gyp... 

Brown shale. 

Quick sand 


Munn 


Het 


oo: 


TY 160 270 110 
270 285 15 
310 324 14 
Red rock.... ; ; 324 370 46 
370 380 10 
380 395 15 
420 435 15 


Chas. N. Gould 


LOG OF MASTERSON No. 4—Continued 


From Strata 


Quick sand 735 45 Water, set 12-in. 
780 

Blue gyp 786 

940 

Red rock 960 

Red rock 

Gyp 

Red rock 

Red rock............ 

Gyp 

Red rock 

Sand... 

Red rock. 

Brown shale................... 

Red rock............... 

Lime 

: 5 % mi. ft. Gas 
5 5 2 mi. ft. Gas 
1,665 

. 1,665 1,670 5 107 mi. ft. Gas 


Well completed and shut in November 29, 1919. 


Ranch Creek No. 1 was drilled about two miles south of Masterson 


No. 4, and made considerable gas. Bivens No. 1, which was drilled 
south of Canadian river about nine miles southeast of Masterson 
No. 4, and approximately three hundred feet down the slope of the 
anticline, is reported to have made 30 to 40 million cubic feet of gas 
daily. All of these wells had showings of oil and the gas is said to 
be rich in gasoline. ; 

The gas is encountered in all of the wélls, in a sandy shale which 
lies at a depth of from 1,600 feet to 2,200 feet. As nearly as the 
writer has been able to determine, there is no definite horizon in 
this sandy sl.ale which always yields gas, but it would appear that 
wherever a porous or sandy place is encountered in the shale, there 
the gas occurs. At the present time there is hardly sufficient evidence 
to enable one to express a definite opinion as to the geological age of 
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the gas-bearing horizons. Until more complete data have been 
secured, any statements to this effect are likely to be misleading. 
The horizon, however, is probably near the base of the Permian or 
in the upper part of the Pennsylvanian. 

A well drilled on the Tuck-Trigg Dome, about ten miles south of 
the summit of the John Ray Dome, is reported to have reached the 
depth of 3,900 feet. Gas was reported at 2,500 feet and again in 
large quantities, estimated as much as 20 million cubic feet daily, 
at 3,900 feet. The last several hundred feet of this well were drilled 
through lime. The summit of the Tuck-Trigg Dome is about 200 
feet lower than that of the John Ray Dome. 

A well drilled on the Boise Dome, about sixty miles west of Amarillo, 
reached 3,500 feet without encountering paying production. It is 
claimed that no sands were found in this well, but that the entire 
distance was drilled through red shale. 

In the Ranch Creek No. 1, a rock was encountered which has been 
called granite by some geologists. Others pronounced it quartzite 
or hard sandstone. 

One of the most important problems yet to be solved is that of 
the age of folding. Considerable data on this subject have been 
collected, but much more work needs to be done. Replies from 
letters to a number of geologists who have worked in the region 
show that ideas on the subject are at great variance. The consensus 
of opinion, however, seems to be that the folding probably started 
in Pennsylvanian or Permian times and was continued at intervals 
throughout the Mesozoic, culminating in Larmide times, early in 
the Tertiary. With these conclusions the writer tentatively agrees. 
So far as he knows, after twenty years’ work in several states there 
is no definite evidence of folding in the Tertiary of the High Plains. 
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NEW OIL AND GAS DEVELOPMENT IN OKLAHOMA 
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Drilling for oil and gas has been done or is now being carried on 
in every county in Oklahoma, and thirty-six of the counties of the 
State are to be classed as oil and gas producers. At the present time 
there are 25,000 wells in the State, producing either oil or gas or both 
The extent of the explorations and the intensity of development is 
greater than it has been at any time in the past. 

During the month of December, 1919, 247 new sections were added 
to the progress development map, showing that during this month 
drilling operations began in that number of sections over the State 
where operations had not been carried on prior to that time. Sixty 
per cent of the “wild cat” wells drilled in 1919 proved productive. 
The producing areas of the State may be divided into 150 pools, 
each of which bears a specific name. 

In 1918 the first producing well in the 2,100-foot sand was com- 
pleted in the Duncan field in western Stephens county, and the 
Duncan and Walters district became an active zone of operation. 
At the beginning of 1919 this field had not proved up, but as _ the 
weeks passed the Walters, or Cotton county side of it steadily 
demonstrated that a pool had been opened that would cut a con- 
siderable figure in the oil history of the state. The Youngstown 
pool in Okmulgee county was developed in 1918, but it was short 
lived. Out of it, however, much good came, because operators who 
drilled to find a Youngstown sand and missed it, went on down and 
opened up a much greater store of oil in one.deeper sand after another 
until now the 3,100-foot formation, or Wilcox sand, is the deepest 
pay found in the county, 800 feet below the Youngstown sand. 
The Youngstown pool was confined to Sections 25 and 36-14-11. 
The big production that resulted from the attempts to find a Youngs- 
town extension has thus far been found in Sections 6-14-12, 7-14-12, 
12-14-11, 19-15-11 and 30-15-11, with lesser success elsewhere in 
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the western side of the county. Also it had an indirect influence on 
the opening of a good pool over the western Okmulgee county line 
in Township 15-10, in Creek county, which in turn led to operations 
in 15-9 and in 16-10 in Creek county, which have yet to prove 
themselves. The Beggs district developed into one of the most 
prolific pools uncovered in Oklahoma and at the close of the year 
was still turning out 1,000 bbl. producers at times, and its possibilities 
were yet a question for the future to determine, as many tests are 
being drilled in the hope of locating one or another of the deep sands. 
Okmulgee county’s record for 1919 was 1,619 completed wells; 
initial daily production of 160,620 bbls.; 482 dry holes and 151 
gas wells. In 1918 there were 1,555 completions, 81,283 bbls in new 
production; 381 dry holes and 147 gas wells. There was a gain in 
1919 of 64 in completions; a gain of 78,337 bbls. in new production, 
101 more dry holes and 4 more gas wells. 

Osage county also had its best year in 1919. The rules under 
which the Osage operator is made to play the game necessitated 
quick action, which resulted in a year of great activity in the county, 
including a large amount of work in “outside” or wildcat territory. 


As a result of their work there were 2,213 wells completed in the 
county in 1919, new production of 142,114 bbls.; 430 dry holes and 
165 gas wells. In the year 1918 the completions numbered 1,375; 
the initial production 61,580 bbls.; 225 dry holes and 129 gas wells. 
In the year 1917 there were 650 completed wells, new production of 
57,161 bbls.; 61 dry holes and 69 gas wells.’ 


CADDO COUNTY 


The Cement field in Caddo county received considerable attention during 1919, 
and there is a great deal of activity at the present time and leases have reached a very 
high price. There is much “wild catting” in the vicinity as well as drilling on structure. 
At the present time about 40 rigs are either drilling or preparing to drill. Until 1919 
the field was noted especially for its gas production. The principle sands are at 1,200, 
1,800, 1,850, and 2,300 feet, with deep tests encountering sands at 2,800 and 3,500 
feet. At the present time there are about fifteen wells producing oil in the Cement 
field, making an average of about 75 barrels per day. 

The structure is fairly well defined and it is doubtful if the field will be extended 
much beyond its present limits. However, some of the best wells recently drilled at a 
considerable distance from the top of the structure are most encouraging. 


1Oil and Gas Journal, January 22, 1920, p. 50. 


New Oil and Gas Development in Oklahoma 


CARTER COUNTY 


The Hewitt pool in T. 4 S., R. 2 W., near the Healdton field was opened about the 
middle of 1919, by the drilling of the Texas Company’s well in Sec. 27, T. 4 S., R. 2 W. 
The sand was found at 2,000 feet. The initial production was at the rate of 400 barrels 
per day. The drilling of other wells followed and at the close of the year several 
wells had been completed in the Hewitt field and five separate oil bearing horizons 
had been discovered below the 1,600 foot level. The largest producer had an initial 
capacity of 900 barrels. One or more of the wells recently drilled showed two or 
three water sands with no oil or gas, and all indications are that the pool will be small 
in area but of such a character that a large quantity of oil may be produced from the 
field. 

The Empire Gas and Fuel Company drilled a “wild cat” in Sec. 24, T. 2 S., R. 
3 W., and found production of 200 barrels, of good quality oil in 18 feet of sand below 
2,327 feet. The Gyspy Oil Company drilled a well to the depth of 2,200 feet in Sec. 
32, T. 2S., R. 3 W., with an initial production of 100 barrels. This well was less than 
two miles from the Empire well. 


COTTON COUNTY 


The discovery of the 2,100 foot sand in Stevens county lead to active development 
on the Cotton county side and to the marked development in the Walters field. 


CREEK COUNTY 


In T. 15 N., R. 10 E. a good pool was found during the past year and this lead 
to the development in T. 15 N., R. 9 E., and T. 16 N., R. 10 E. These latter areas 
are yet to be proved. Several miscellaneous areas in Creek county are being tested 
and while the decline of the main field has been very rapid several area look favorable 
for giving increased production. 


OKMULGEE COUNTY AND ADJACENT TERRITORY 


The extension and deeper drilling in the Youngstown district lead to new develop- 
ment in adjacent territory. The old pool was confined to Secs. 25 and 36, T. 14 N., 
R.11E. The new development in the district embraced Secs. 6 and'7, T. 14 N., 
R. 12 E., Sec. 12, T. 14 N., R. 11 E; and Sec. 19 and 30, T. 15 N., R. 11 E. 
Several sands are found, the deepest of which is the Wilcox sand at a depth of 3,100 
feet, 800 feet below the Youngstown sand. 

The principle area of development is known as the Beggs district and has been 
developed into one of the most prolific pools in Oklahoma. Several wells with a 
capacity of 1,000 barrels or more have been brought in. The deeper sands are at 
approximately 2,600 feet, 2,800 feet and 3,000 feet. Some wells have been reported 
as having an initial capacity of 3,000 barrels. In the latter part of 1919, the daily 
production of oil in the new development was 25,000 barrels. 


OSAGE COUNTY 


Osage county had the best year of its development in 1919, and very extensive 
areas have been opened up for development and will be thoroughly tested out during 
the present year. 
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STEPHENS COUNTY 

At the close of 1918, the 2,100 foot sand was found in the Duncan field in Stephens 
county. This was proved up in 1919. 

The Comanche oil field near the town of Comanche now has seven or more 
producing wells. Some of these are producing from the 1,400 foot sand with a capacity 
of from 50 to 200 barrels per well. The others are producing from the 1,800 foot sand 
and the average production is higher, one well at least having a capacity of 300 barrels 
and another, drilled in in the last few days will be good for from 200 to 250 barrels. 
The original well which came in at 100 barrels more than a year ago is till producing 
50 barrels per day. 

OTHER AREAS 


Special development in the Garber and Billings field, the Yale district and the 
Jennings district have been made throughout the year. 


STATISTICAL INFORMATION ON OIL PRODUCTION IN OKLAHOMA 


The following statistics were compiled from various sources, but 
mainly from figures published in the Oil and Gas Journal of 1919, 
and others supplies by the Oil and Gas Division of the Corporation 
Commission of Oklahoma. It is believed, however, that the figures 


for 1919 will differ but little from the official figures when the latter 
are obtainable. 


Table No. 1 give the oil production of the State by months. 
The State has been divided into three sections or fields, Cushing 
and Shamrock, Healdton (including Hewitt), and the balance of 
Oklahoma. 

PRODUCTION FOR 1919, IN OKLAHOMA 


MontTuiy Propuction 


Cushing & Balance 

1919 Shamrock Healdton Oklahoma 
January......... 1,157,500 4,104,500 
February...... 1,194,300 3,996,500 
March....... 1,281,000 1,194,300 4,333,500 
April ... 1,293,000 1,300,000 4,246,500 
May : ; 1,088,500 1,054,000 3,874,000 
June.. . 1,070,500 1,070,100 3,790,000 
July 1,152,200 1,161,900 4,472,752 
August : . 1,090,500 1,101,000 4,332,500 
September 1,086,000 1,082,500 504, 5: 
October.. . 1,174,500 1,133,500 
November 1,117,500 1,098,500 
December 1,141,500 1,146,000 


Total ...... FOO 13,693,600 


Total production, 89,959,552 barrels. 
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Table No. 2 gives the various prices for the various grades of oil 
produced in the State throughout the year. 


PRICES FOR OKLAHOMA CRUDE OIL IN 1919 


All grades, except Healdton,....Jan. 1, to Nov. 20 
All grades, except Healdton,....Nov. 20 to Dec. 22.............. 
All grades, except Healdton,....Dec. 22 to Jan. 1 
Healdton . 21 to Nov. 21. 
Nov. 21 to Dec. 
Healdton Dec. 22 to Jan. 
Hewitt takes advance over Healdton of 40c, he 2. 
Dec. 22 to Jan. 1 


Total value for 1919 $156,512,872.50 


Table No. 3 summarizes the drilling for 1919 by counties, showing 
the percentage producing wells, percentage dry holes,and the average 
initial production. 


RESULTS OF DRILLING IN OKLAHOMA IN 1919 BY COUNTIES 
Ave. 
Wells Per Per Init. 
County: com- Wells cent Wells W ells cent Prod. 
pleted. oil oil gas dry (Bbls.) 
Carter 
Garfield and Noble 
Ka 


W agoner, 
and Rogers 
1,648 


Nowata and Rogers. 

W ashington 

Wildcats and Misc... 


8,470 5,408 


$2.25 

2.50 

2.75 

1.45 

1.20 

1.35 

2.00 

3.75 

2.75 

EL ae 73 19 13 86 22 14 86 

~ 284 60 38 8 68 155 32 52 

332 47 83 12 59 295 41 57 

1,015 62 152 9 71 481 29 

161 65 23 9 74 63 26 82 

2 671 380 57 76 11 68 215 32 55 

552 449 81 15 84 88 16 20 

2,210 1,617 73 172 81 421 19 141 

401 334 83 11 86 57 i4 12 

728 342 47 96 I 60 290 40 72 

73 2,314 27 105 
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BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 


THE UNDERGROUND POSITION OF THE ELLENBURGER 
FORMATION IN NORTH CENTRAL TEXAS 


E. H. SELLARDs 


The Ellenburger limestone, approximating, when fully developed, 
a thousand feet in thickness, is exposed at the surface in the Central 
Mineral Region of Texas, and from this belt of surface exposures 
dips beneath later formations. To the north from the Central 
Mineral Region, the position of the formation is more or less well 
known from drilling records as far as Young and Palo Pinto counties, 
beyond which it passes todepths not yet reached in drilling. However, 
approaching the north State line it is again brought sufficiently 
near to the surface to be reached by a few wells in the structurally 
high area adjacent to Red river. 

With possibly a few exceptions, the formation itself is not known 
to be productive of either oil or gas in commercial quantities. How- 
ever, its relation to the producing formations is such that the accurate 
or approximate determination of its position below the surface is 
a matter of much importance. As a rule, test wells for oil in north- 
central Texas are not drilled deeper than to the Ellenburger limestone. 
To have a knowledge of the approximate depth at which this for- 
mation will be encountered is, therefore, important in planning a 


test well. In addition, the structural conditions in the Ellenburger 


are, with little doubt, more or less reflected in the overlying petroleum- 
bearing formations. Hence the structures in the Ellenburger suggest 
the probability of similar structures in the later formations. This 
paper relates to the position of the Ellenburger limestone below the 
surface in north-central Texas as indicated by well records. 
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of working on this problem, but also for access to the many data 
that have been accumulated in the records and files of the Bureau. 
For data more recently obtained, the writer is under obligation to 
all the large oil-producing companies operating in north-central 
Texas, and in particular to the geological and scouting departments 
of these companies, and to drillers and others. The logs of wells 
have been obtained either directly or indirectly from the companies 
testing for oil. The surface elevations at the wells where known by 
instrumental surveys are to be credited entirely to the operating 
oil companies. Where elevations based on instrumental surveys 
are not available, the elevations of the wells have been estimated 
from the topographic maps of the United States Geological Survey. 
The samples of cuttings, like the logs, have accumulated in the 
Bureau collections at different times and from various sources. Many 
of them have come to the Bureau from geologists, scouts, drillers, 
and others interested in particular wells. A considerable number 
of samples recently received has been contributed from the geological 
departments of several of the operating companies. 

In connection with the discussion of the well records, the writer 
has had occasion to refer to and utilize the data from cuttings from 
numerous wells. These samples have been identified by Dr. J. A. 
Udden. Among those who have assisted in the identification of 
well samples in the Bureau of Economic Geology collections are 
V. V: Waite, E. B. Stiles and A. H. Kemp. In the case of two of 
the wells used in this report, namely the Goss and Schoor wells of 
Comanche and Eastland counties, the samples contained in the 
Bureau collection have been supplemented by the description of 
samples from the same wells by S. G. Garrett under direction of 
Wallace E. Pratt of the Geological Department of the Humble 
Oil Company. 

PREVIOUS PUBLICATIONS 


The existence of a structurally high area extending slightly east 
of north from the Central Mineral Region has become well known 
in recent years. This arch was depicted in a general way in a map 
by M. G. Cheney" published in May, 1918, and in a map by Dorsey 
Hager,’ published in June, 1918. In these maps the Bend formations 


10il Trade Journal, Jan. 4, 1918, p. 75. 
2Am. Inst. Min. Eng. Bull. 138. 
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are used in contouring the regional structure, while the present paper 
relates entirely to regional structure as indicated by the Ellenburger 
formation. In a paper entitled Recent Knowledge of Formations 
Below the Bend, Mr. William Kennedy has referred to a number of 
wells which enter the Ellenburger formation in north-central Texas 
and concludes that they indicate a ridge extending in a northeasterly 
direction from the Central Mineral Region.’ A similar conclusion 
has been expressed by W. G. Matteson. Lee Hager‘ has described 
the regional structure on Red river, while papers relating to structural 
conditions within the oil fields of north-central Texas have been 
published by a number of other geologists’. 


LIMITATIONS IN THE DATA NOW AVAILABLE 


The present map is preliminary. It is based on the data now 
available in the Bureau of Economic Geology and is to be revised as 
data accumulate. There are certain sources of possible error among 
which the following, in particular, should be mentioned: The elevation 
of the land surface at the wells is, in all instances, to be regarded as 
more or less an approximation to actual levels. As already stated, 
in the absence of other data, some elevations, as noted in connection 
with the wells, have been estimated from topographic maps. These 
are reconnaisance maps with contours at 50-foot intervals. ‘There 
is also difficulty in placing these wells accurately on the topographic 
map. There is thus introduced for these wells a possible error in 
elevation from a few feet to as much probably as 100 or 150 feet in 
the case of some wells. For the wells the elevation of which is based 
on instrumental levels, there is likewise a considerable possible 
limit of error in elevation. For many of these wells, two or more 
elevations have been recorded which seldom agree, and which vary 
among themselves from a few feet to as much in extreme cases as 
from 50 to 75 or 100 feet. 

Not only in the matter of surface elevations, but in the records 


8The Southwestern Oil Journal, Jan. 4, 1919, p. 1. 

4Oil and Gas Journal, Oct. 17, 1919. 

5Jon A. Udden: Subsurface Geology of the Oil Districts of North-central Texas; 
Wallace E. Pratt: Geologic Structures and Producing Areas in the North Texas 
Petroleum Fields; J. A. Udden: Observations on Two Deep Borings Near the Balcones 


Fault Zone; W. G. Matteson: A Review of Developments in the New Central Texas 
Oil Fields During 1918: Bull. Am. Ass’n. Petr. Gecl. Vol. 3, 1919. 


286 E. H. Sellards 


themselves, the data as to the Ellenburger formation are approximate 
rather than exact. A sample of cuttings which affords a positive 
identification of the Ellenburger may nevertheless be indeterminate 
as to whether it has been obtained from the top or from some distance 
down in that formation. In such instances, the data from the sample 
may be supplemented in an important way by the data from the log. 
In the case of wells represented merely by a log, the probability 
of error in determining the top of the Ellenburger is, of course, 
greater than when represented by both log and samples, and while 
most logs are so drawn as to permit the determination of the dividing 
line between the Bend and Ellenburger formations, there are some 
that permit at best only of an approximate separation of these 
formations. Nevertheless, for regional structure, it is believed that 
the data now available are sufficiently exact to be of service in 
defining both the position and the structure of this formation in 
north-central Texas. 


IRREGULARITIES IN THE TOP SURFACE OF THE ELLENBURGER 
PRODUCED BY EROSION 


As has been stated, the purposes of a map contouring the Ellen- 
burger are two-fold. First of all, the map and text combined afford 
the driller the data by which to make such an estimate as it is now 
possible to give of the depth to this formation at any place within 


this area. Secondly, the map indicates in a broad way the regional 


structure of the Ellenburger formation in north-central Texas. 
In applying the map to the interpretation of structure, however, it 
must not be forgotten that the top surface of the Ellenburger is an 
erosion surface and that some of the irregularities in the formation 
may be due in part to erosion and not entirely to structure. It is 
certain, however, that while the erosion features may account for 
relatively minor irregularities in the Ellenburger, the major features 
observed and mapped in that formation are structural. 


EXPLANATION OF THE MAP 


The location of each well used in determining the position of the 
Ellenburger limestone is indicated with such degree of accuracy as 
is practicable on a map of this scale. In the case of those wells 
believed to have entered the Ellenburger formation, the approximate 
actual level of the top of the formation above or below sea level, 
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as nearly as that can be determined, is shown by the map entry for 
that well, levels below sea being indicated by a minus sign preceding 
the number. In addition to wells entering the Ellenburger a few 
have been used which, although not known to have entered the 
Ellenburger, are useful in mapping as showing that the formation 
lies below a given depth. In the map entry such wells are indicated 
by a plus sign following the entry. Dotted contours include those 
farther removed from known wells and hence less definitely placed 
than the contours shown in solid lines. 


REGIONAL STRUCTURE IN NORTH-CENTRAL TEXAS AS INDICATED 
BY THE ELLENBURGER FORMATION 


Contours on the Ellenburger, as on the Bend, indicate a pronounced 
arch extending slightly east of north from the Central Mineral 
Region. From near the western part of San Saba county the axis, 
or line of maximum elevations on this arch, passes somewhat east 
of the center of Brown county, crosses the northwestern part of 


Comanche county, and lies probably somewhat east of the center 


of Eastland county. North of Eastland county the available data 
are as yet too limited to locate the ill-defined axis of the fold in the 
Ellenburger, which probably lies near the Stephens-Palo Pinto 
county line. 

This fold plunges to the north, the rate of plunge varying from 
place to place. In San Saba and McCulloch counties the Ellen- 
burger is found at the surface at elevations of from 1,500 to 1,700 
feet or more above sea level. In Young county, 150 miles to the 
north, the formation lies 3,500 feet or more below sea level. The 
plunge is probably most rapid in Brown county where it may amount 
to as much as an average of 50 feet per mile. Farther to the north 
the plunge in the axis of the fold is less rapid, and over considerable 
distances may not exceed 25 or 30 feet per mile. 

A conspicuous feature of this large fold is the lack of symmetry 
between the west and east sides of the arch. The west limb of the 
arch has an approximately uniform slope, decreasing in rate of dip 
perhaps with the increased distance from the Central Mineral Region. 
On the east limb of the fold, on the other hand, the rate of slope is 
notably irregular, and is in general more rapid than on the west limb. 
In contouring, this lack of symmetry in the fold is expressed by the 
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abrupt turn of the contours to the south after crossing the axis of 
the fold. On the west side of the fold the contours, when drawn to 
express regional structure, and disregarding such local structures 
as may exist in this formation, maintain an approximately regular 
course, varying in direction from north-northeast, west of the 
mineral region, to east-northeast and in places almost east-west as 
they approach the axis of the fold. After crossing the axis, these 
contours turn shortly to the south and in some instances turn 
southwest, thus almost doubling back on themselves. 

The arch, as developed in the Ellenburger, is not a simple fold. 
Masses or “noses” of this formation project to the northeast. 
One of the best delineated of these noses is that at Desdemona. 
Here the contours on the Ellenburger, after making the turn at 
Desdemona, run west of south until again deflected to the east by 
another northeastward projecting mass of the Ellenburger. The 
2,000-foot contour below sea level, after turning south near Des- 
demona, runs west of south for as much as 15 miles to the Tate and 
Fisher wells where it turns at right angles to a direction slightly 
south of east. This contour again turns south after passing the 
Sturkie well northeast of Comanche. Its position at the Mills 
county line is defined in part by the Luckie well which indicates 
that its course from the Sturkie well may be about due south as 
drawn on the map, or very possibly when more fully known the 
course of the contour after making the turn northeast of Comanche 
may be found to be west of south into Mills county. Other contours, 
crossing the axis of the fold, follow a more or less similar course, at 
least to the extent of bending very shortly to the south. 


DISTURBED AREA BETWEEN THE BEND ARCH AND 
THE BALCONES FAULT ZONE 


Not only is the east slope of the major arch one of rapid and 
irregular dip, but observation will show that the whole area from the 
Bend Arch to the Balcones Fault Zone, at least that part of it in 
which the Ellenburger formation can now be delimited, is an area 
of much greater disturbance than is a similar area to the west of the 
Bend Arch. The northeastward projecting masses of the Ellenburger 
at Desdemona and northeast of Comanche have been referred to, 
the syncline separating these being located by the Tate and Fisher 
wells and expressed on the map by the deep reentrant in the contours. 
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A very deep reentrant in the contours, in the eastern part of Mills 
county, indicates the location of another structurally low area in the 
Ellenburger. This low area in Mills county contrasts strongly with 
the broad high Ellenburger mass extending into the northwestern 
part of Lampasas county. The broad high area of Lampasas county 
is interpreted in contouring as continuing to the northeast to the 
Clark well in Coryell county. However, as there are at present 
no deep wells in northeastern Lampasas and northwestern Coryell 
counties, this mapping of the Ellenburger lacks confirmation and 
may ultimately require alteration. Another low is indicated, the 
writer believes, by the wells of eastern Lampasas and southwestern 
Coryell counties, including the Grove well of Lampasas county and 
the Tinery and Strickland wells of Coryell county. The Gotcher 
well near the Coryell-Bell county line with little doubt indicates 
the approach to the relatively high area of the Balcones fault zone 
lying next to the east of the low area referred to. The number of 
wells reaching the Ellenburger is as yet limited as compared to the 
large area to which this map relates, and more complications in the 
structure of the Ellenburger are to be expected than can now be 
indicated in contouring. The map should, therefore, be regarded 
as preliminary and drawn for the purpose of expressing the present 
available records on the formation. The data on which the map is 
based are more fully given in the pages which follow. 


CONDITIONS IN NORTH TEXAS 


The arch in the Ellenburger formation may be followed more or 
less definitely, as already noted, as far to the north as Young county, 
where by reason of the north plunge of the structure it lies at a depth 
of 3,500 or 4,000 feet below sea level. That the north plunge does 
not continue uninterruptedly to the north state line is indicated by 
well records available from Clay, Montague and Cook counties. 
A well on the Byers farm, 12 miles north of Henrietta in Clay county, 
is reported to have entered granite at 4,240 feet from the surface, 
or at an actual level of about 3,311 feet below sea level. A well in 
the northern part of Montague county is known to have entered 
schists at 3,007 feet from the surface. In Cooke county, a few miles 


north of Myra, the Ellenburger is represented by samples at a depth 
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of 2,105 feet from the surface,*® or at an actual level approximating 
1,000 feet below sea. These records indicate that the Ellenburger 
formation, where present in these counties, lies at a level much higher 
than in the adjoining counties to the south. The conditions in the 
Red river area have been discussed by Lee Hager, in the paper to 
which reference has already been made. 


AVAILABLE DATA 


The data available on wells reaching the Ellenburger formation 
in north-central Texas are summarized in the following lists in which, 
for convenience of reference, the wells are arranged by counties. 
The wells of each county are listed alphabetically under the name of 
the owner of the land on which the well is located. For each well 
there is given the name of the company or individual by whom the 
well was drilled; the location by survey; the location in miles from 
a town or other designated place; the total depth of the well, if known; 
the elevation of the land surface at the well; the depth from the 
surface to the Ellenburger limestone; the kind of data available, 
whether a log or sample or both. In the case of a number of wells, 
although samples are at hand showing the presence of the Ellen- 
burger, the log must be relied upon to determine the top surface of 
that formation, the samples having come from below the top of the 
formation. In such instances the entry showing the top of the 
Ellenburger is taken from the log, and there is added an entry showing 
the depth at which the first Ellenburger sample is available. There 
is added a column in the lists giving a map entry for each well on 
which the data are sufficiently complete to permit of its use in 
mapping, except when followed by a plus sign, the map entry indicates 
the depth of the Ellenburger formation below or above sea level, 


as nearly as can be determined. When followed by the plus sign, 
the map entry shows that although the well was drilled to the depth 
indicated, the Ellenburger was not reached, and lies at an undeter- 
mined distance below that depth. Those wells, the elevation of 
which is estimated from the topographic map, are indicated by the 
letter “T”’ following the entry. The elevations given for all other 


wells are elevations obtained from operating companies in this 
section and are based on instrumental levels. 


6The University of Texas, HandbookJSeries No. 1. J. A. Udden, p. 55. 


291 


in Texas 


in 


10n 


8 
= 
hy 
S 
= 
& 


tion 


nderground Pos 


U 


307 


307] 


"weg 
30T 
"weg 
020°¢ 
307 


307 


I 


| POOMUMOIG ¢ 


80Z°¢ 


| 


P.MUMOIG 
Nog} 
‘POOMUMOIG 


“pooOMUMOIG *§ “Tul 


POOMUMOIG “M “Tur ZI 


¢ 

“aut; AyUNOS ‘S| 
“AN ‘TU Z| 
POOMUMOIG “a 9 “Tu al 
““POOMUMOIG Z ‘Iu g 


| 


“NS 
€ ‘OD “AY “d 


“ANS puey ‘Oy u 


“EE ANG ssoYy 
wed ‘ing Jayeg ‘py 
‘Ing siapuneg ‘out 


ZI ‘Ing uepsof 


pag ‘sef 
“ANS UBATI[ING 


| 


“ing 


ZLZ “ING “OD J99y 


[IO Sioonpolg 


39 ‘Aaieg MOT 


oy x sec [NJ 


‘OD [19 ulddig smoipuy 
893815 [10 SIV 


Anuy 


dey | Jo pury 


psooay [4931 


yidaq 


| 


JO UMO], 


ALNNOOS 


NMOUd 


pue IPM jo owen 


| wan 
- 
RO Onsen in | 
mono AS CON +O Ne) | 
la a 3 
zs | oo= oo Om nm nin 
| £4 | SoS KSSS 
| 
| | 
| 
| | | 
1] 
| | 
| | 
| 
| | 
| & 
| = 
| 
| | 
> | 
| 
| 
| 
| 
| 
: | 
| 
| | 
| 
| | | 
| 
| 
| 
| | | 
| | 
| 
| | 
| | 
| 


868'T 
£00°Z 
OsZ‘T 
#£8'I- 


307 
307 


307 


307 
807 
“weg 
“mesg 
30° I 


30” 
307 


30T 
307 
307 
307 


LOOS‘T 
LOOF'I 


7£9°T 
96ST 


‘Oy 


weyyou 


vuuy “Tul l 


Z “Tul 6 
"MS 
‘a 


ue 8) 


SHIOW “AN 


"AAT AZ 
* 


“yu 1/6 


97Z “INS “SPT "OD 
“ANG 


6LT “INS \ 
1S ueuljney | 
Ing ‘7 ‘10 “9D “AY 


"N 


Ang 


“Ing plarq 


Ing 


“Ins ‘oy puog 
¢ £9 “ang SUIVIIS ‘H 
“ZIT 39S 8 
Oll “ANS Siopuneg puog 
8Z “Ang Slopuneg puog 


“BOS pue uos}iaqoy 
HO 


Yeqezi 
WED 
“Neg vijousey ‘¢ 
TO 
pue ‘o> ‘log 
“snpuy vuuy eyues 


pue 


OF6I- 


| 
we 


pury| 


| de que l | I 


yids 


S00 


yidaq 


SSOID'N 


“TU QT 


ing uyof} 


[8 19 


“ANS uos {q “ussy ie) 


Aq 


ALNNOOD NVHVTIVO 


pue IPM jo 


292 
> | wis 
| : : 
| 
| $8sss “% 
| A HHH BW : 
| | 
2 | 
| | 
| | | 
cx | 
=“s | } 
| 
=O : | 
| 
ons | 
| 
= 
| | 
| 
| 
: : 
ae 
| — : : : 
| ~ 
| 
| 
| 
| 
| | I 
| 
| | 
| | 
| | | 
| : 
| 
| | 
| | 
| | : 
| 
Ar : 
| : 
| 
| we | | 
| | = 
| 
| 36 | | 
| | 


293 


in Texas 


10n 


= 

Ry 
3 

~ 

Ry 


ayoueuloy 

“AeA VL ‘assepy 7 


oul] AT“ % 


s8utidg adig *N ‘tu Z|" 


*109 

ayoueUloD %{Z IW 
dexy TW 


e 
oul] "OD “A N 

N wo “q wos % 


s8utidg adig $ 


“uontig 
“a ‘WwW ¢ 


“aS “ing 


“Zang ‘Z ‘1g “AU 


Ing esy 
TZ “ANG A 
"10D ¢¢ ‘Ing 


"Ing uinjAsy ¥ 
ZT “spy winjAsy ‘ad ¥'d 
“CF “ANG “OD WL 
109 “GS “Ing a3eg 


9 ‘Ing AY 


ing “al” 


“JO "MN “FS ANG 


"109 

‘Ing ‘spy wnyssy ¥ ‘Gq 
"MS 

‘SI “ang “AY 

“4d "“MNSE “ANS ‘OD AW LL “A 

“ING ‘sel 


uOSIPpY "T 


ussy [IO ayoueulo’y) aryinis 


uuod sexo], 


OD [10 ppry 


MO[pN’] pue sewoyy, AyonT 

TIO saved ‘T 


sexay, 


Underground Position 


wideq Aaaing Aq pur JO 


1 
jo pury] 


uUMOL wodj 


ALNNOD AHONVWOO 


| 3 : 
| 
| 
| | 
| 
| 
| 
| 
1] 
| 
| 
| 
: 
| : 
: : 
@® 
> 
| 
| 
| 
Est 
| = 
| 
Fes 


= 


30] 


"meg 


‘NI 
UPULIOL) “5 
Jasury 
Josue 
puryisey 
Jasuey &% 
& & ‘Stu 


Jasury 
MS 


0677 - 


£68'T 


dep 


y id: 


| 
po 


‘ 


yidaq 


“AWD BL 
"MN 
ing “ul 
ang s ‘S| 
Ans Ainss } 
§ Jadoo *N 
ang “A 
S NBISSOY 


Auedwioy ung 

‘OD SPH [IO ares 

OD SPE) ¥ [IO 
OD [1M UMOIg 
Or) SPE) Y [IO psojyuvsg 
OD [IO Uoa’T ‘7 svoyseig 
OF) [IO Uoa’T 


ied I eal 


| 


“ANS A “UM 
Ang UePULION UPA 
Ang UPULION UPA “WM 
‘109 

ting “AY 


ALNNOO ANV'LLSV 


DAC 


M 
107) 


yIOIU | 


JO UMO J, RIK 


ALNNOOS 


"IU 


‘Ing souof | ayeoipuds 
‘ING UUIAA 


$991 x wuinpouog 


“ANS M 


Aaaing Aq PUT JO 


j 


TTAAUOO 


294 
| 
| 
|| 
|| AN™ AN 
| 
In | noo | 
on ~ | OOO 
| 83 | 8 83 
| 
| 
| 
! | 
| 
i | 
| | 
| 
| 
| 
| 
| 
| 
} 
| 
| 
| 
| | 
| | 
| | | 
| | 
| 
| 


295 


Texas 


10n 


S 
Ry 
~ 
~ 
= 
% 


ition 


Underground Pos 


7- 


ALNNOD GOOH 


| 
ANS UW 


0) [IO 


‘AFI'S 


opis 


‘puts Sexo] eg sulylod 


ALNNOO 


"mes 
"wes 
307 
30°T 
"uleg 
307 
30T 
307 
"wes 
30T 
307 


- 


LOSZ'T 


aul] Ajunoy 


“UM 


‘d 

Ing qd ‘Oy ka! L ‘Tl PooMJopus) 

Jazury “Tul “Ing “WM 10 [P99 ‘d 

uoqie) 8 12 | | (49309) ing ou yy “sou. oy to ‘I uueyy 


Oost) “A “Tw 
y “Tu | 


|psosey 
dep jo pury yidaq | 


yidagq 
MOT, wodJj J 


pue IPM jo owen 


| | | 
Ln 
| = moO | 
| on nom 
wo 00 
| | Q 
| a™ | 
| SAR | | : 
: 
| 
1] 
me re) no | 
RRR ASSSR as | 
nes | | 
| | | | | 
} 
| | 
} | | 
| 
| 
| 
| | 
| 
=< 
| 
| 
|} 
| | } 
| | | | 
3 | | 
| > | | 
| 
| | 
| | | | 
| | 
| | | 
| 
| | 
| 
| | | 
} | 
| | 
| | | 
| 
| } | 
| 
| | | 
| 


8 
= 
~ 


LOOS‘T 


LOOL‘T 
LOS8‘T 


LOSZ‘I 


LSZ9'1 


“peayauy 


N “a 
Apeig *MN‘N 

AINIIIIY “aS “Tu 


“A AZ AZ 


"MAN “TH $168 “ING “OD 
"309 


"109 "MS 
“ing pues oust. 


“98ST 


109 MN $06 ‘Bvag 


‘f) 
1109, N 


‘OD “Nag uslsisamy 

10 


Aaqye, A SP] ed d Aa|s vog 


S_ 


1Z0 1 S| 
XN 
“mes 


"mes 


307 


866 


-Ingiy 


67 


0Z 
Lit 
088‘T 


| .Lost® 


LOOFT 


LOOF 


LOS 


.LOOS 


.L000'1 


100°Z 
000'7 


yideq 


yidaq | aorping | 


IN09 HOOTINOPW 


sesedue’] 


sesedue’y] 


sesedue’y] “| ['N 9 
N ‘rw 
seseduv’] 


odaq 


JO UMO], 


A el} 


TOT] 


105 “AN N ‘Z19 fog ‘uyof| 


“MN ‘ZF “ANS ‘PPO.L 
‘opis ‘Ss “ang * HOS 
“MN_ 

‘OE “ING UOsOYIN “J 
| “SUPRA, 
“MU 


| “ANS UMOIE 


“ang 


Asaing Aq 


109 $ 


VdWNV'l 


‘ul 


“ul NM 


INE sex 


‘T 


39 “T AA 
‘T 
OD [IO 


susedue’y jo Aud ‘TPA 


JIUMG) pue IPM jo 


Aauqy 


296 
| | a | 
| 
| 
| 
| } 
| | 
— 
| | : 
& 
| 
| : 
| 
| 
| oad 
| | 
| 
| 
i 
| 
| 
| 
| | 
| 
| | 
| 
} 
| | | 
| 
} } 


297 


307 aul] “OD “JET g “ing ‘¢ ‘ad ‘OD eurxoy 


Texas 


$£66°7-| 307 PUN OD GZS “INS "OD “SPT “OD Purxoy Aq] 


nm 


10n 


OIF 
307 
30°] 
307 


8 
So 
= 


aaa 


mono 


| psosady |4931,q aq} 12410 Aaaing Aq JIUMG pur JO 
|jo pur} yideg JO UMO], ° 
: 


nderground Pos 


U 


ALNNOO STTIN 


| | | 
| | | 
| | 
| i=) | 
| ig 
| 
| 
| 
| | 

| 
| 
a 4 


| 


ALNNOD ONNOA 


+859°7-| 30” 


ALNNOO SNAHda.LS 


+0£6°7-| “Wes LS7ZS‘T| S9FF 


6 
3 


ALNNOS VAVS NVS 


| 


StS 


| 


Anuy | BAG al yidaq 1419 
dep jo pury yidag S| JO UMO], 


Ayunod jo s| 


IZZI- “ures 


Aaaing Aq Pur JO 


ALN 09 ST. ANN 


| 


BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 


BARREL COSTS VS. WELL-DAY COSTS 
RosweEtu H. Jounson and A. W. Foster 


An oil property is appraised by determining the net returns from 
the product and salvage, less costs and interest and allowance for 
risk. If the acre yield method is used for appraising, the past history 
of a district is used as a basis of comparison for similar properties 
in the same’ district where conditions are thought to be comparable. 
From this past history, barrel costs as well as acre yield are available 
and a flat rate barrel-cost averaged for the whole life may be deter- 
mined and used. But where a property is appraised by the annual 
method, net annual returns are computed for a period of years 
by multiplying net production for each year by net barrel income 
for that year and then multiplying by the compound discount 
factor for that year to find the present worth for each year, and 
finally, totalling these present worth values and adding to discounted 
salvage value. Under these circumstances a flat barrel-cost rate, 
year to year, should not be assumed, for it cannot be the same 
through the life of the well, since wells increase in the cost per 
barrel, because there are fewer barrels in the later history among 
which to divide the maintenance of the well. To assume such a 
flat rate throughout the life will lead to gross error in the appraised 
value, an erroneous economic limit and therefore incorrect estimate 
of life. Costs per well-day (or costs per well-year) also change 
through a period of years, but are relatively constantly slowly 
advancing, even showing a decrease in one case, due to improved 
methods of extraction. They should therefore be used in preference 
to flat barrel costs, as the following evidence will show. Yet since 
for purposes of calculation we often need barrel-day costs, we can 
calculate them separately for each year by dividing the well-year 
costs, of any year, by the production of that year. 

This matter seems important, since Bulletin 177 of the Bureau 
of Mines is being widely used, with its valuation example a flat 
barrel cost throughout the life of the property. 


Roswell H. Johnson and A. W. Foster, University of Pittsburg, Pittsburgh, Pa. 
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CHART SHOWENG TREND OF (1) BARRE! COSTS AND (2) WELL-DAY COSTS 
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In obtaining the data to demonstrate this point another point 
of interest has developed. If the lease was all drilled up early, 
then maintenance costs should regularly increase per well-year 
although much less rapidly than barrel costs. The reason may 
safely be assumed to be increase of wages and costs, of supplies. 
The late installation of a power may cause a sudden step downward 
in spite of the general advance. 

So far, for simplicity, “operating costs” have alone been dealt 
with, excluding the share of general expenses and taxes. 

When these are added to the well-year cost, as we should do, we 
find two interferences—the wave of high taxes caused by the war, 
and the fact that general expense (that portion chargeable to the 
old wells) is frequently reduced by the expense of the staff being 
divided over an increasing number of wells when the company is an 
expanding one. Some properties show a period of decline in well- 
year operating costs for a few years followed by a slow advance. 
If the property comes in with small initial production per well, 
this will be because of the extra labor necessitated till conditions 
are stabilized. 

But if the property has a large initial production per well this 
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condition will usually be found to be the result of including in 
expense what are really deferred construction expenses, a not uncom- 
mon practice. 


In conclusion, the purpose of this paper is to urge that in appraisals 
based on the annual analytic method (and we believe this is much 
better than the less reliable acre-yield method, both for tax and sale 
purposes) the barrel cost should change with the year, being cal- 
culated each year from the well-year cost of that year. 
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GEOLOGICAL PROBLEMS IN THE RECOVERY OF 
OIL AND GAS IN KENTUCKY 


R. JILtson 


Geologists are agreed that the chief problems which confront the 
oil and gas producer are (1) the source of the petroleum hydro- 
carbons, (2) the location of the pools, and (3) the most efficient 
methods of recovery. The average producer regards the first as 
largely a theoretical matter in which even those petroleum geologists 
who are the best qualified to speak are not fully agreed, and gives 
his attention only to the latter two. Yet bound up with the solution 
of the first problem is the real key to the science of petroleum geology. 
When the problems of original source have been solved many new 
indexes will be available in the discovery of new petroleum fields. 

Kentucky contains the southernmost part of the great Appalachian 
oil and gas fields. Its problems are typical of this field, to which must 
be added those resulting from local differences in sedimentation. 
The geological problems associated with oil and gas recovery in the 
Eastern Coal Field of Kentucky are, with slight modifications, 
essentially those of West Virginia. These problems have to do with 
variations in structure, porosity, saturation, lensing, unconformity, 
faulting, sequence, lithology and depth of sediments, stage of 
regional metamorphism, devolatilization, degree of concentration, 
adequate cover and the respective combinations of these factors. 
In the consideration of any separate area in Kentucky, none of these 
factors may be disregarded, and while the absence of any of them 
would condemn a certain area, all of them taken together when 
inferred to be favorable may not be regarded as more than the 
separate earmarks of a productive locality. 

From the standpoint of commercial values, two large areas in 
Kentucky must be designated as barren of petroleum and natural 
gas. ‘These are (1) the Central Bluegrass area, and (2) the portion 
of western Kentucky which lies between Tennessee river on the 
southwest and Tradewater river on the northeast. A very large 


Willard R. Jillison, State Geologist of Kentucky, Frankfort, Ky. 
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amount of drilling in the Bluegrass section has demonstrated the 
lack of commercial production here. ‘The surface rocks of this 
region are Ordovician limestones, which are considerably jointed, 
faulted and mineralized. The absence of commercial petroleum 
and natural gas may probably be attributed to the lack of an adequate 
cover of shale. The widespread occurrence of small pockets of gas 
and occasional showings of oil throughout the area indicate that 
prior to the denudation of the Devonian cover, much larger quantities 
of oil and gas were present. The barren area in western Kentucky 
between Tennessee and Tradewater rivers is known as the faulted 
fluorspar region. The absence of commercial quantities of oil and 
gas in this section may be explained by the large amount of faulting 
and the accompanying devolatilization and rather high regional 
metamorphism. 

One area, largely untested, which may possibly produce commercial 
quantities of oil and gas is the socalled Purchase Area, which lies 
between Tennessee and Mississippi rivers in the extreme western 
portion of the state. It comprises the head of the old Mississippi 
embayment. The surface rocks consist of sands, gravels, clays and 
marls of the Tertiary. They are underlain by unconsolidated and 
semi-consolidated Cretaceous and older sediments. The Cretaceous 
sediments, especially in the southwestern portion, might produce, 
but the area of faulting and igneous activity, which is conspicuous 
in the Mississippian exposures to the northeast in Kentucky and 
north in Illinois, may well extend under the greater part of this 
area and render these and lower sediments wholly unproductive. 
It may also be noted that this area is associated with the causes of 
the New Madrid earthquake. The relation of this disturbance to 
the possible productivity of oil and gas, while not definitely deter- 
mined, may not be regarded as favorable. 

With the exception of the three areas mentioned, all Kentucky 
may be considered important for prospecting for commercial oil 
and gas. This possible productive and producing territory comprises 
about three-fourths of the area of the state. It includes the Eastern 
and Western Coal fields and the area lying between them in which 
Mississippian and Devonian sediments are found at the surface. 


To this may be added a small area along Cumberland river in 
southern Kentucky near the Tennessee line where Ordovician sedi- 
ments are exposed. Conditions in this areas were favorable for the 
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accumulation in disseminated form of the animal and vegetable 
source materials of petroleum during Ordovician, Silurian, Devonian, 
Mississippian and Pennsylvanian times. That there was a grouping 
of the animal and vegetable life and debris during these periods, 
resulting in areas of varying richness, and that there were some 
areas like the top of the Cincinnati anticline, which were land surfaces 
in Onondaga and Niagara times and therefore barren, cannot be 
doubted. 

The area as a whole, however, was one of continuous or almost 
continuous deposition from the early Ordovician to the later Penn- 


sylvanian. This eliminates many of the problems of original source. 


As a result of this almost unbroken sedimentation oil is secured 
in Kentucky in commercial quantities from sediments of the Ordo- 
vician, Silurian, Devonian, Mississippian and Pennsylvanian. 
Statements which have appeared to the effect that oil in Kentucky 
is principally Trenton oil are entirely fallacious. Trenton oil in 
Kentucky though present, is inconsequential both in quantity and 
value. About 95 per cent of the 9,226,473 barrels of oil produced in 
the state in 1919 came from the Devonian limestone which immed- 
iately underlies the Chattanooga black shale. 

Each separate locality in Kentucky offers problems peculiar to 
that section. ‘These problems have relatively little bearing in 
details upon those of the other producing fields of the state. The 
present commercially productive sections of Kentucky are: (1) the 
Allen-Barren-Warren county fields in southern Kentucky, (2) the 
Wayne-McCreary county fields in southeastern Kentucky, (3) the 
Estill-Lee-Powell-Wolfe-Menefee county fields, just southeast of the 
Central Bluegrass area, (4) the Lawrence county fields, (5) the 
Magoffin-Johnson county fields, (6) the Floyd-Knott-Pike-Knox 
county fields, and (7) the Martin county gas fields. 

The Allen-Barren-Warren county fields produce chiefly from the 
Niagaran limestone of the Silurian and the Onondaga or “Cornif- 
erous” limestone of the Devonian. The oil occurs in porous parts 
of the limestone, no true sands being present. Structure is apparently 
an important consideration in such pools as the Moulder and Gaines- 
ville districts. Oil production occurs on the sides and tops of the 
anticlines and domes. However, in southern Allen county, good 
production is frequently found in synclines as well as anticlines, and 
in this locality the Niagaran limestone is the chief producer. In 
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southeast Barren county there are good structures, the upper parts 
of which contain gas or are dry, the oil appearing to be almost 
synclinal. In northwestern Barren and in Warren county the 
Fort Payne (Lower Mississippian) contains true sand lenses which 
produce a high grade of amber oil. While in some cases structure 
is important in this horizon, it is more generally a problem of feeling 
out the extent of the lens. 

The Wayne-McCreary county fields are rather old, this being in 
fact, the district in which oil was first found in the state. This was 
in 1819 on the south fork of Cumberland river, the oil coming from 
Mississippian rocks at shallow depths. The Wayne-McCreary 
fields have been steady producers of high grade, light green oil. 
During the first quarter of 1920 it yielded 43,936 barrels. Production 
is secured from the Trenton and higher horizons of the Ordovician 
in the upper and lower Sunnybrook sands. It is also obtained from 
the Waverly group of sands, shales and limestones in the lower 
part of the Mississippian. These are the Stray, Mount Pisgah, 
Beaver, Otter, Cooper and Slickford sands. Well defined anticlines 
exist in Wayne county but here also the oil is not found high on 
the structure but rather well down on the slope or in the heads of 
the plunging synclines. Few reliable conclusions have been reached 
with respect to petroleum accumulations in the Wayne county district, 
and while structure is apparently important it is certainly not the 
main consideration or the only one. This is especially true of the 
irregular oil sands found in the Mississippian system. Their pro- 
ducing life is remarkable in length, but their variability in lithology 
and production, even in offset distance, is so striking that they cause 
drillers and geologists much confusion. These Mississippian sands 
are apparently connected or partially connected lenses which were 
formed by offshore currents during the period of deposition. They 
appear to connect with each other vertically as well as laterally, 
though it may reasonably be inferred that the vertical connection 
is much more restricted than the other. The Wayne-McCreary 
fields lie in a position which was offshore in the Mississippian seas, 
the mudstone clastics characteristic of theWaverly extending east and 
northeast and the increasingly calcareous beds of the Warsaw and 
Fort Payne reaching into southern and western Kentucky. It must 
have been an ideal locality for the deposition of carbonaceous debris 
giving rise to an area rich as a source of petroleum. In its irregular 
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sedimentation, however, it presents to the driller and geologist many 
unsolved problems. 

The Estill-Lee-Powell-Wolfe-Menefee county district isthe greatest 
oil and gas producing section of Kentucky. Production is principally 
secured from the Onondaga limestone. This limestone is frequently 
called the Irvine, Ragland, Menefee, Campton, and Cannel City 
sand, but it is in reality simply a dolomitic limestone, the oil being 
obtained from the porous interspaces of the limestone. The oil 
is green in color, of high gravity and under relatively little pressure. 
While structure is present in this field it is apparently not the prin- 
cipal factor in production. The oil is found concentrated in porous 
parts of the limestone even where it is semi-synclinal, though it 
also occurs in the higher positions, as does the Menefee gas where 
porosity permits. The production in this district has been so great 
(about 8,500,000 barrels in 1919, or 90 per cent of the entire pro- 
duction of the state) as to raise pertinent question as to its source. 
By many geologists the oil is supposed to have originated in the 
Chattanooga black shale. The writer has never been able to agree 
with this view, but believes the oil to be original to the limestone, or 
in part derived from subjacent limestones.' This is evidenced 
by the drilling into considerably deeper production in the continuous 
limestone and shaly limestone series in the heart of the Big Sinking 
pool of Lee county. 

The Lawrence county oil fields, while small in geographic dis- 
tribution and certainly not large in production, are nevertheless of 
considerable interest. The oil, which is high grade and light amber 
to green in color, is produced from the Berea and Wier sands of the 
Lower Waverly in the Mississippian. The general structure of 
Lawrence county is that of a head of a deep synclinal trough plunging 
to the northeast into West Virginia. A number of the productive 
areas in Lawrence county occur well down in this trough, but newer 
fields are being developed high on the monoclinal fold to the south- 
west which is a limb of the pronounced Paint Creek uplift. The 
Berea and Wier oil of this section exhibits the characteristics of all 
the Mississippian oil of Kentucky, lightness in gravity and color, 
and a relatively low content of sulphur. The producing horizons 


1Jillson, W. R.: New oil and gas pools of Allen county, Mineral and Forest 
Resources of Kentucky, Ser. 5, Vol. 1, No. 2. 
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of this county in both instances are true siliceous sands both of which 
as well as the overlying and underlying shales may have been con- 
tributing sources of the now contained petroleum and natural gas. 

The Johnson-Magoffin county oil and gas fields, located on the 
crest and sides of the Paint Creek uplift on the Johnson-Magoffin 
county line, is perhaps the newest and one of the most ‘nteresting 
fields in Kentucky. In this locality the Pottsville, Big Injun, Wier 
sands and the Onondaga limestone are all petroliferous. Commercial 
production is secured, however, only from the Wier sand. This sand 
is correlated with the Cuyahoga sandstone in: the lower part of the 
Waverly. It is separated in this section by a shale body from the 
overlying Berea which is here commercially unimportant. The 
reason for the lack of commercial production in the Berea has not 
been satisfactorily explained, as it lies so close to the Lawrence 
county productive fields. Partial saturation of the Berea is perhaps 
the chief factor. Structure is, however, a principal consideration in 
the Paint Creek field, the oil occurring on the sides of the Paint 
Creek dome, the top being decidedly gassy. The Paint Creek 
dome lies as a faulted cap on the elongated north and south Paint 
Creek uplift. It is a relatively large structure, the productive portions 
of which might have been supposed, as mapped on surface Pottsville 
coals, to have been rather extensive. It was found, however, in 
drilling, that there were inequalities in thickness of the various 
sediments. The interval between the top of the Big lime (St. Louis- 
Ste. Genevieve) and the Wier sand appears to be greater at pro- 
gressive distances east and west of the main structure, and to a lesser 
degree to the north and south. The folding of the Wier sand is much 
sharper than that of the surface coals. This explains many of the 
problems connected with the location of producing wells on this 
structure’. 

The Floyd-Knott-Pike-Knox county fields, though disconnected 
geographically, present a unit problem in that production is secured 
from the Pottsville of the Pennsylvanian and the Maxon of the 
Mauch Chunk. The position of these pools is geosynclinal, but 
minor structure have influenced to some degree the accumulation. 
In the Pottsville, as well as in the Mauch Chunk, relatively small 
amounts of water are responsible for the low position of the oil. 


2Jillson, W. R.: A Mississippian island in the Mauch Chunk of eastern Kentucky, 
Geol. Sec., A. A. A., Sci., St. Louis meeting, Dec., 1919. 
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In Knox county the oil is found along rather narrow belts on minor 
structures, and in Floyd and Knott counties, synclines at the head 
of a synclinal trough. The gas of Floyd county, however, is anti- 
clinal. Since both of the productive sands in these fields are siliceous 
(in some cases conglomeratic) sandstone, the lasting qualities of 
these sands has been very great. Some of the wells in the Floyd 
county Beaver Creek field have produced for more than twenty years. 
The oil is green, high gravity and relatively low in sulphur. In this 
district, as in Lawrence county, the producing oil sands may be 
regarded as at least a part of the original source. 

In the Martin county gas field the producing horizons are the 
Big lime, and the Big Injun sand. The field is now an old one, useful 
for little more than reservoir purposes, but it has been an important 
one in the past twenty years, having furnished a large part of the 
commercial supply of gas for Louisville and other cities in West 
Virginia, Kentucky and Ohio. The productive horizons are true 
sands. The sand inclusion of the Big lime is relatively thin, but 
gives a rather high pressure gas, which suggests crevices or joint 
connections with the underlying Big Injun sand. Although a large 
amount of drilling has been done in this section and these sands 
have been penetrated at many points, relatively little oil has been 
found. However, one or two wells are reported to have flowed under 
strong head for a short time. The production of oil in Martin county 
is at present insignificant, 13 barrels being the entire reported 
production for the first quarter of 1920. In considering the problem 
of the absence of oil in this part of Kentucky recourse may be had 
to a study of the coals and carbon ratios as an index to the amount 
of regional metamorphism and devolatilization caused thereby. 
The Martin county district shows a rather high carbon ratio, as 
does the area to the south and southwest along the Pine Mountain 
fault, in Pike, Letcher, Harlan and Bell counties. From all this 
section of excellent Pottsville and Mississippian sediments no 
commercial quantities of oil or gas have been developed even after 
extensive drilling. Many showings of oil have been secured and 
gas in commercial quantities has been found, but a fixed carbon 
content, ranging from 64 to 66 per cent, giving a corresponding fuel 
ratio of 1.8 to 2.0 based on coals sampled at some little distance 
from the lines of greatest disturbance, is apparently indicative of 
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too great a regional alteration to permit the retention of oil, at least 
in commercial quantities. 

The commercially important group of oil and gas pools now 
producing as indicated on the accompanying map are thirty-six in 
number and are as follows: (1) Meade County (Old) Gas Field; (2) 
Cloverport (Old) Gas Field; (3) Hardford Oil Pool; (4) Caneyville 
Oil Pool; (5) Leitchfield Oil and Gas Field; (6) Bear Creek Gas 
Field; (7) Diamond Springs Gas Field; (8) Warren County Oil 
and Gas Fields; (9) Allen County Oil and Gas Fields; (10) Barren 
County Oil and Gas Fields; (11) Greensburg Gas Field; (12) 
Lincoln County Oil Pools; (13) Wayne County Oil Pools; (14) 
Knox County Oil and Gas Fields; (15) Clay County Gas Fields; 
(16) Island Creek Gas Field; (17) Station Camp Oil Pool; (18) 
Irvine Oil Pool; (19) Big Sinking Oil Pool; (20) Ross Creek Oil 
Pool; (21) Menefee County Gas Field; (22) Menefee County Oil 
Pool; (23) Ragland Oil Pool; (24) Campton Oil Pool; (25) Still 
Water Oil Pool; (26) Breathitt County Gas Field; (27) Cannel City 
Oil and Gas Pool; (28) Knott County Oil Pool; (29) Beaver Creek 
Oil and Gas Fields; (30) Prestonsburg Oil and Gas Fields; (31) 
Burning Fork Gas Field; (32) Paint Creek Oil and Gas Field; 
(33) Laurel Creek Oil and Gas Field; (34) Martin County Gas 
Field; (35) Bussyville Oil Pool, and (36) Fallsburg Oil Pool. 

Any brief consideration of so large a geographic unit as the State 
of Kentucky must necessarily overlook many of the smaller though 
none the less interesting geologic problems which bear close relation- 
ship to the recovery of petroleum and natural gas. Important 
among these is the cause of the low gravity and asphaltic base 
of the Ragland or Bath County oils, and the Lincoln County oils. 
These pools as is well known are very shallow, and yet devolatilization 
alone may not be ascribed as the single cause since other pools in 
close proximity producing from the same Devonian limestone, and 
at a similar depth give high gravity, green oil. The Allen, Barren, 
Warren field exhibits in most of the production secured from below 
the Black (or Chattanooga) shale from either the Devonian or Silurian 
limestone, a relatively high percentage of sulphur. This is the 
same horizon that produces the sweet, green oil of the Estill-Lee- 
Powell-Wolfe-Menefee section. The reason for the difference is an 
unsolved problem. In Grayson, Ohio, McLean, Webster, and Union 
counties, along the Rough Creek anticline and fault, similar structural 
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conditions are found to those in eastern Kentucky along the Irvine- 
Paint Creek fault. In fact these two lines of disturbance with the 
connecting link of the deformation in central Kentucky have been 
ascribed by Gardner* to a common source. Yet this large belt in 


western Kentucky gives no promise, outside of small quantities of 
oil in Ohio and Grayson counties, and two small gas fields in Grayson, 
of any comparison in productivity to the eastern Kentucky section. 


2James H. Gardner: A stratigraphic disturbance through the Ohio Valley, 
running from the Applachian Plateau in Pennsylvania to the Ozark mountains in 
Missouri, Bull. G. S. A., Vol. 26, pp. 477-483, Dec., 1915. 
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POSSIBILITY OF OIL AND GAS IN MONTANA 
J. P. Rowe 


Search for oil and gas in Montana began about 1900. Some of 
the first wells are located in the Kintla Lake district, northern 
Flathead county, and the Browning or Swift Current field, about 
80 miles north of Browning. In 1904 a well was drilled in southern 
Carbon county on a well defined anticline, but the crest of the 
anticline was in Jurassic rocks and no oil was encountered. Later, 
drilling was undertaken on the Glendive anticline in Dawson county, 
in the extreme eastern part of the state. A flow of gas sufficient to 
supply the town of Glendive was encountered and is at present 
used. About the same time, the city of Havre, in the northern 
part of the state, drilled a well almost within the town and secured 
a flow of gas which is still sufficient for domestic use in that city. 
Several other wells were soon drilled in the state, one or two of which 
at Baker, the county seat of Fallon county, secured commercial 
quantities of gas. In 1914 an unsuccessful well was drilled in the 
nearly flat country at Great Falls, where the Kootenai is the surface 
formation. This year witnessed oil excitement in the Sweet Grass 
hills district, where anticlinal structures of laccolithic origin offer 
opportunity for the accumulation of oil deposits. However, the 
rocks are cut by numerous dikes and no commercial quantities. of 
oil or gas have been discovered. 

In 1917 a test well was put down at a favorable point on the 
Glendive anticline. The company drilled to a depth of more than 
4,000 feet, going through all of the known oil or gas formations. 
A flow of gas was encountered at one place, but no oil of commercial 
value was secured. 

In 1918 a well was drilled at Laurel, Yellowstone county, and it 
was reported that a small amount of oil was encountered. As the 
formations are almost horizontal, a large amount of oil would not 
be expected. Several other rigs were in this district in 1918. Wells 
were drilled near Conrad and to the west in the Birch Creek (Sun 


J. P. Rewe, Missoula, Mont. 
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River area) northwestern Montana. A well was drilled to a con- 
siderable depth in Carbon county about the same time, but without 
results. Many other wells have been drilled in the state, but up to 
1919 no oil in commercial quantities had been found, except in Elk 
Basin. Wells were drilled at Two Dot, Wheatland county; Wilsall; 
in the Shields River valley, Park county; and also in the southern 
part of Stillwater county. 

Oil was discovered in the Elk Basin field in 1915. This field, 
situated partly in Carbon county, Montana, and partly in Wyoming, 
yields a high grade of oil and is a good producer. It may be con- 
sidered a part of the Wyoming oil territory. 

Since 1919 several wells have been drilled, chiefly in Mussell- 
shell, Garfield and Fergus counties. At the present the country 
about Roundup for many miles has all been leased, except the 
land that has been withdrawn by the government. Recently a well 
on Sec. 24, T. 11 N., R. 24 W. brought in oil. This well is on the 
Devil’s Basin anticline in Mussellshell county. There is much activity 
in this field. It has been reported also that a good flow of oil was 
struck on the Cat Creek anticline near Mosby in eastern Fergus 
county. There is much excitement in Roundup and smaller towns 
near by. Many well known concerns have already started operations. 

GEOLOGY OF OIL DEPOSITS IN MONTANA 

In Montana oil and gas in commercial quantities will probably 
not be found lower than the Upper Cretaceous. At several localities 
where structural conditions are favorable, the Upper Carboniferous 
is wanting. The eastern two-thirds of Montana is within the Great 
Plains region and the surface formations belong, for the most part, 
to the Tertiary or the Cretaceous (chiefly Colorado and Montana 
groups), and in small amounts in the Embar (Permian) and the 
Chugwater (Jurassic). The oil from the Cretaceous is a high grade, 
light, paraffin oil; that from the older formations, a black asphaltic 
oil. In Alberta, at Medicine Hat in southern Manitoba, gas has been 
obtained from about the horizon of the Niobrara, and at Bow Island 
and Pelican Rapids on the Athabaska, from the horizon of the 
Dakota’, or perhaps the lower part of the Colorado shale’. 

Because of its association with the Colorado shale the Virgelle 
sandstone may contain oil or gas in northern Montana. According 


1Dowling, D. B., Can. Geol. Survey, Mem. 52, Geol. Ser. 42. 
*Stebinger, E., U. S. Geol. Survey, Bull. 641. 
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to Stebinger the large production at Medicine Hat and the gas 
obtained at Havre come from this sandstone. 

From a geological standpoint, conditions are practically the same 
in Wyoming, Montana and Alberta. The geologic formations which 
contain much oil in Wyoming and abundant gas in Alberta are 
found in Montana. Since it appears that Montana geological 
formations were laid down under conditions similar to those in 
Wyoming and Alberta,it may be concluded that where structures 
and other conditions are favorable there is reasonable expecta- 
tion of finding oil or gas. 

The Kootenai formation appears to be the lowest formation 
which offers oil or gas possibilities in the state. Above the Kootenai 
is the Colorado shale, containing in its lower half a number of sand- 
stone beds. The Colorado formation is probably of first importance 
as a possible source of oil and gas in Montana. 

Above the Colorado shale throughout north central Montana 
there is a group of sandy beds from 250 to 400 feet thick, which 
constitutes the Eagle sandstone. The lower half is known as the 
Virgelle sandstone member. The Havre, Montana and Medicine 
Hat, Alberta, natural gas comes from the Eagle sandstone. The 
higher and lower formations are probably more or less barren. 

It is very probable that in Montana large quantities of gas or oil 
will be found, if at all, only in strongly developed folds, with relatively 
high dips, such as those in Wyoming, rather than in folds having 
very low dips, such as are characteristic of the Midcontinent fields. 
This belief is based on the fact that most of the oil fields so far 
developed in the Cretaceous rocks of the region adjacent to the 
Rocky Mountains, from Colorado to Alberta, are on strongly 
developed anticlines. ‘There seem to be no conditions present in 
Montana which will make that state an exception to the general 
rule for the Rocky Mountain and Great Plains fields’. 

In the writer’s judgment, Montana has a good future in the 
production of natural oil and gas. Another year will throw much 
light upon the subject. At present the central part of the state 
seems to offer a more promising field for the oil prospector than any 
other part, although few localities have been throughly and carefully 
tested by the drill. 


8Stebinger, E., U. S. Geol. Survey, Bull. 641. 


BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 


PROCEEDINGS OF THE FIFTH ANNUAL MEETING 
OF THE 


AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 


Held at Dallas, Texas, March 18 to 20, 1920. 


The headquarters of the American Association of Petroleum 
Geologists during the fifth annual meeting were at the Adolphus 
Hotel. The Thursday sessions were held at the City Temple, and 
the one on Friday morning at the Municipal Building, all others 
being held in the Junior Ball Room at the Adolphus. 

At the opening session, Thursday. morning, the meeting was 
called to order by the president, Dr. I. C. White, State Geologist 
of West Virginia. Greetings were given by Mr. Saville, Secretary 
of the Dallas Chamber of Commerce, and by Robert T. Hill, President 
of the Southwestern Geological Society, after which papers on the 
oil resources and possibilities of New Mexico and Northwestern 
Texas were given. The titles of all papers will be found in the 
Table of Contents. The program included a survey of many of the 
producing fields, and a number of papers on technical subjects, and 
all were ably handled and enthusiastically received. 

On Thursday evening the Association and citizens of Dallas 
were given the privilege of hearing Dr. George Otis Smith, Director 
of the United States Geological Survey, in an address on “The 
Public Service Opportunity of the Oil Geologist.” The social 
features of the meeting were an informal reception and smoker, 
following Dr. Smith’s address, at which he was the guest of honor; 
a luncheon on Thursday, and a buffet luncheon and social gathering 
on Friday evening, at the Adolphus. 

The business of the Association was transacted on Friday after- 
noon and Saturday morning. The President, Dr. White, gave a 
brief review of the progress of the Association during the year. 
The report of the Secretary-Treasurer, Dr. Charles E. Decker, 
was given. Included in this report were recommendations con- 
cerning the appointment of standing committees, and later, on a 
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motion by Roswell Johnson, the appointment of these committees 
was adopted. 

The Editor, Charles H. Taylor, reported that 1,000 copies of 
Volume III had been printed, 400 being bound in cloth covers and the 
rest in paper. Owing partly to the unsettled labor conditions and the 
delay in forwarding manuscript, the Bulletin was not ready for 
distribution until about the middle of January. Copies were then 
mailed to all members, but eight copies were returned to the editor 
because the postoffice had no forwarding address. The supply of 
bound copies was reported exhausted, and 100 copies each of Volumes 
I, II, and III had been ordered bound. %".« :upply of Volume I is 
almost exhausted. 


The committee on securing a suitable emblem for the Association 
reported that no definite decision had been reached, and after further 
discussion it was voted not to adopt any emblem. ; 


The following resolution was presented by E. G. Woodruff: 


“Whereas, we, the American Association of Petroleum Geologists, believe that 
geologists occupy an important place in the petroleum industry, and are responsible 
to many investors who are unable to judge of the qualifications of geologists; 

“Whereas, we feel that regularly qualified geologists are not now sufficiently 
protected from unqualified and unscrupulous men practicing geology, therefore, 
be it resolved that efforts be made in every state in which petroleum is produced to 
obtain laws requiring that practicing geologists be licensed; that a condition of such 
licensing be that the applicant be a graduate of a school of recognized standing; that 
he be required to have two years or its equivalent of field work under a licensed geol- 
ogist; and that he satisfy a qualifying board of his qualifications and ability before 
such license is issued.” 


After considerable discussion, the resolution was referred to a 
committee of ten, F. W. DeWolf, State Geologist of Illinois, chairman, 
and after careful consideration the following recommendation was 


offered: 


“Tt is the sense of your committee that it is both unwise and impractical to secure 
a discriminative classification of petroleum geologists and engineers by legislative 
means. It is also the view of the committee that the object can best be obtained by 
careful attention to standards of membership in this Association, and the enforcement 
of them, as well as the proper enforcement of discipline among its members. It is 
recommended that a list of the members of the Association, with a concise record of 
training and experience, be published, together with a brief statement of the object 
of the Association and the qualifications for membership. 

“It is further recommended that those finding it desirable to employ geologists 
of whose professional qualifications they are not fully informed, consult either the 
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United States Geological Survey, or their own State geologist, or the secretary of 
the American Association of Petroleum Geologists for the purpose of securing necessary 
information.” 


These recommendations were approved and adopted by the 
Association. 


The following amendments and additions to the consititution 
and by-laws were presented by W. E. Wrather, and referred to a 
committee of which Mr. Wrather was appointed chairman, who 
reported favorably and recommended a complete discussion at the 
time of their proposed adoption, which will be at the annual meeting 
of 1921. The recommendations were adopted. 


“Artic.e III, Sec. 1. Any person actively engaged in the work of petroleum 
geology or in research pertaining to petroleum geology or techology is eligible to 
active membership in the American Association of Petroleum Geologists, provided 
he is a graduate of an institution of collegiate standing, in which institution he has 
done his major work in geology, and has subsequently had the equivalent of three 
years’ field experience in petroleum geology; and provided further, that in the case 
of an applicant for membership who has not had the required collegiate or university 
training, but whose standing in the profession is well recognized, he shall be admitted 
to membership when his application shall have been favorably and unanimously 
acted upon by the executive council. And provided further, that these requirements 
shall not be construed to exclude instructors and professors in recognized institutions 
whose work is of such a character as in the opinion of the executive committee shall 
qualify them for membership. 

“Sec. 4. Associate members shall enjoy all the privileges of membership in 


the Association save that they shall not hold office, sign applications for membership, 


or vote in business meeting. 

“Sec. 5. Each applicant for membership shall be formally notified in writing, 
by the secretary of his election, and shall be furnished with a membership card for the 
current year; and until such formal notice and card are received he shall in no way be 
considered a member of the Association. 

“Sec. 6. Application for membership may be accepted at any time, but unless 
an applicant shall have his application approved and have been formally notified 
by the secretary of his election at least one month before the annual meeting, he shall 
not be allowed to participate in the business session of said annual meeting. 

“Sec. 7. The officers elect shall assume the duties of their respective offices 
one month after date of election. 

“ArticLte VIII. Sec. 1. Regional sections of the Association may be established 
provided the members of such sections shall perfect a regional organization and make 
application to the executive council, who shall submit the application to a vote at 
the regular annual meeting; a vote of two-thirds of the members present being 
necessary for the establishment of such section, and provided that the Association may 
revoke the charter of any section by a vote of two-thirds of the membership. 
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A motion favoring the establishing of such sections was passed. 


By-Laws. “Sec. 2. Any member who shall fail to pay his regular annual dues 
for a period of one year may be suspended by a vote of the executive council, but may 
be reinstated upon the unanimous consent of the council. 

“Sec. 4. Any member who shall be guilty of a flagrant violation of the established 
principles of professional ethics may upon the unanimous vote of the executive council 
be suspended from membership, provided that such a person shall before suspension 
be granted a hearing before the entire executive council.” 


The following amendment was presented and referred to the 
committee on amendments: 


“No papers shall be presented at the annual meeting unless a complete copy of 
same be in the hands of the executive committee one month before the meeting.” 


Three resolutions presented by W. E. Wrather were adopted: 


“First. Resolved: That it is the sense of this Association that its members 
report to the executive council any knowledge they may have of any practices on the 
part of members not in keeping with the ordinarily accepted principles of professional 
ethics. Such report shall be held in absolute confidence, and shall be made without 
prejudice to the member making such report. 

*“Seconp. Resolved: That it is the sense of this Association that it does not 
countenance the practice of members advertising their membership in the Association 
in professional cards or in the signing of reports. 

“Tuirp. Resolved: That the executive council may use its discretion in releasing 
for prompt publication in current oil journals papers presented by members at the 
annual meeting, provided that due credit be given the Association.” 


The Association voted in favor of granting the Secretary-Treasurer 
a sum not to exceed $500.00 and expenses for 1919, and an annual 
salary of $600.00 and expenses. 


Owing to the increasing cost of publication, and the importance 
of the Bulletins as a necessary source of revenue, it was decided by 
vote that the practice of furnishing free copies of the Bulletin should 
be discontinued. 


After extended discussion of the method of publication of the 
Bulletin, it was decided to leave it in the hands of the executive 
committee as provided by the constitution. 

Upon the recommendation of the committee on resolutions a 
unanimous vote of thanks was extended to the officers and all others 
who had helped to make the meeting a success; and in appreciation 
of the presence and distinguished services rendered by Dr. George 
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Otis Smith, director of the United States Geological Survey, he was 
unanimously elected to honorary membership. 

After brief addresses by the retiring president, Dr. I. C. White, 
and by the incoming president, Wallace E. Pratt, the fifth annual 


meeting of the American Association of Petroleum Geologists was 
declared adjourned. 


Officers elected for the ensuing year were: 


President, Wallace E Pratt. 
Vice-President, Alex. W. McCoy. 
Secretary-Treasurer, Charles E. Decker. 


Editor, Raymond C. Moore. 


The following committees were appointed: 


ConstiTuTION CoMMITTEE: 


Alexander Deussen, Houston, Texas. 
James H. Gardner, Tulsa, Okla. 
Clark Gester, San Francisco, Cal. 

C. W. Washburne, New York City. 
W. E. Wrather, Dallas, Texas. 


Ways anp Means CommMITTEE: 
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